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The study of neutron absorption by different elements is of great importance in nuclear 
physics as it yields valuable evidence on the composition and binding forces of atomic nuclei, 
and on the suitability of materials for atomic piles. A widely used method of measuring 
neutron absorption as a function of neutron energy is the time-of-flight spectrometer. An 
instrument of this type constructed for A.E.R.E., Harwell and used in conjunction with 
the 15 MeV linear accelerator described earlier in this Review, is the subject of this article. 
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~ Introduction 
~ Neutron reactions 


Neutrons are among the most penetrating particles 
Ze known to modern nuciear physics. A description of 
- the effect of a sample of material upon a beam of 
neutrons has been given in a paper by Taylor and 
Havens !) but a brief summary will be useful here. 
A beam of neutrons passing through a sample of 
material suffers an attenuation due to interaction 
between some of the neutrons and the nuclei of the 
_ material. This interaction may take several forms, 
e.g. absorption and elastic or inelastic scattering of 
- neutrons. Many elements exhibit regions of “reson- 
— ance absorption”’ as shown by a marked increase of 
the attenuation of the beam»at definite values of 
- neutron energy. 
For a thin sample the decrease in intensity of the 
beam is given by the formula: 


I = I, etn: 


where I, is the initial intensity of the neutron beam, 
Lis the intensity after passing through the sample, 
n is the number of nuclei per cm? of sample, | is the 
thickness of the sample, ot is the total cross-section 


_*) Mullard Research Laboratories Salfords, England. 

| **) Atomic Energy of Canada Ltd, formerly at the Mullard 

- Research Laboratories. 

E 1) «TT. J. Taylor and W. W. Havens Jr., Nucleonics 5, 4. 1949. 
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in cm?, which (by this formula) is defined as the 
effective area presented by the nuclei to the neutron 
beam. 

The total cross-section o, depends upon the velo- 
city of the neutrons, and “resonance absorption” is 
mathematically expressed as a maximum occurring 
in o; at definite values of neutron energy. A careful 
study of these energy levels for different elements 
will yield valuable experimental evidence about the 
composition and binding forces of atomic nuclei. 

Some information has been obtained about neu- 
tron absorption by studying the radioactivity 
caused by direct activation of samples of elements by 
neutrons. These experiments are neither simple to 
perform nor capable of any great accuracy. Quanti- 
tative evaluation of resonance cross-section neces- 
sitates the use of some form of velocity spectrometer. 


Time-of-flight spectrometers 


The most flexible and most widely used method 
of measuring neutron reaction cross sections of 
elements in the energy region | eV to 20 keV makes 
use of a time-of-flight spectrometer. A neutron 
source is periodically made to emit neutrons for a 
short time. The neutrons travel over a distance L 
and the neutron pulse, which has a continuous 
energy spectrum, becomes spread out along its 
direction of travel as the slower neutrons lag behind 
the faster ones. After a time T from the release of 
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the pulse, a particle detector in the path of the beam 
is rendered sensitive for a short interval AT and 
the number of neutrons arriving in this interval is 
recorded by electronic scaling circuits and mecha- 
nical counters. The recorded count gives a pro- 
portional indication of the number of neutrons with 
velocity L/T. By continuing the counting over a 
large number of neutron pulses and by varying T 
over a range, a graph of the energy distribution can 
be obtained. 

Most of the early adaptations of this method were 
limited to inspection of an interval AT at one 
particular delay T per experiment, but modern time- 
of-flight spectrometers obtain more than one reading 
at a time by arranging to switch the output of the 
detector over a range of values for T' by using a 
multiple bank of electronic “gating” units. 

The actual measurement of total cross section 
is effected in the following way. The energy distri- 
bution of the neutrons in the incident beam is 
ascertained; a sample of the element under inves- 
tigation is then interposed between source and 
detector. The total cross section of the element in 
any given energy interval is then determined from 
the transmission factor I/I, obtained from the 
modification of the energy spectrum of the detected 
neutrons. 

The energy E of the neutrons is determined 
with an accuracy AE. The ratio E/E is called the 
resolution of the spectrometer. This resolution is 
dependent upon the accuracy of determination of 
both L and T. The length L of the flight path is 
subject to uncertainty because of the finite depth of 
both source and detector. The time of flight T is 
subject to some indeterminacy since the neutron 
source is pulsed for a time which may not be small 
compared with T when dealing with high energy 
neutrons; furthermore the inspection period AT is 
also finite. 

The resolution can be improved by reducing the 
depth of the detection chamber, reducing the 
duration of the neutron pulse or the inspection 
period AT, or by increasing the path length L. All 
these improvements result in a reduction of the 
counting rate, and since a reasonable counting 
rate is required, the principal factor limiting the 
resolution of a spectrometer is the available neutron 
flux at the source. 

The statistical accuracy of the spectrometer is 
not affected by the average detector counting rate, 
provided that this is large compared with any 
random background counting rate, but it depends 
on the total number of counts and varies as the 
reciprocal of the square root of this number. Hence 
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the need for a reasonable counting rate if experi- 
ments are not to be unduly protracted. 

Two examples of early time-of-flight spectro- 
meters, using a single inspection period per experi- 
ment are those of Luis Alvarez?) and Baker and 
Bacher 3). In both cases the resolution was limited 
by the duration of the neutron pulse, that of Baker 
and Bacher being the best with a neutron pulse of 
from 50 to 500 usec long. 

The first time-of-flight spectrometer employing 


more than one inspection period per experiment was 


that of Haworth, Manley and Luebke *). This spec- 
trometer aimed at a higher order of precision but 
the strength of the source limited the study to 
neutrons with energies between 0.004 and 1 eV. 

This was followed by a spectrometer built at 
Columbia University by Rainwater and Havens °), 
using an 8 MeV cyclotron, and by a spectrometer 
built by the Mullard Research Laboratories and the 
Atomic Energy Establishment, Harwell °)*)8). It is 
interesting to compare the salient points of these 
spectrometers. 

The Columbia University spectrometer had a 
minimum neutron pulse length of Susec, and a 
minimum inspection period of 5 usec. The number 
of intervals capable of being investigated simul- 
taneously was 16 and the neutron path length was 
6.2 metres. A moderating paraffin block had to be 
used to slow down the higher energy neutrons to 
useful levels; this introduced a further uncertainty 
in the time at which a neutron left the source. 
The resolution of the Columbia University Spectro- 
meter has since been improved by reducing the 
neutron pulse length to 4 usec and the inspection 
period to 2 usec. This improvement and some 
typical results are described in a paper by Havens 
and Rainwater °). 

The Harwell time of flight spectrometer was capa- 
ble of giving improved resolution at low and high 
energies owing to the use of a travelling wave linear 
accelerator with an electron pulse of 120 mA at an 
energy of 3.2 MeV. This ensures a sufficiently high 


2) Luis W. Alvarez, Phys. Rev. 54, 609, 1938. 

8) C. P. Baker and R. F. Bacher, Phys. Rev. 59, 332, 1941. 

4) J.H. Manley, L. J. Haworth and E. A. Luebke, Rev. Sci. 
Instr. 12, 587, 1941; Phys. Rev. 69, 405, 1946. 

5) J. Rainwater and W. W. Havens Jr., Phys. Rev. 70, 136, 
1946; J. Rainwater, W. W. Havens, C. S. Wu and J. R. 
Dunning, Phys. Rev. 71, 65, 1947. 

8) A. W. Merrison and E. R. Wiblin, Nature, 167, 346, 1951. 

7) A. W. Merrison and E. R. Wiblin. Proc. Roy. Soc. A 215, 

278, 1952. 

F. S. Goulding, J. C. Hammerton, M. G. Kelliher, A. W. 

Merrison and E. R. Wiblin, Proc. Inst. El. Engrs. 1954 IT, 

Paper M 1528 (appearing shortly). 

°) W. W. Havens Jr. and L. J. Rainwater, Phys. Rev. 83, 
1123, 1951. 
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flux of low energy neutrons (due to the moderating 
action of the source itself) to make the use of a 
paraffin moderator unnecessary. The increased 
flux enables the path length to be increased to 
10 metres; and this, combined with an overall 
indeterminacy in the time of flight of only 6 psec 
gives the improved resolution. The minimum neu- 
tron pulse and the minimum inspection period were 
both 2 usec. The number of intervals capable of 
being investigated simultaneously was 32. 


A further improvement in resolution is now being 
obtained at Harwell by the use of the 15 MeV linear 
accelerator 1°) together with a new timing system. 
The 15 MeV accelerator provides a further increase 
of flux, allowing the path length to be increased to 
20 metres. The timing system, which was designed 
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Fig. 1 gives a general view of the installation 
during construction. At the left the concrete shelter, 
containing the linear accelerator, is visible. In the 
centre one of the flight-paths can be seen with the 
detector at the extreme right. In the background is 
the electronic timing system which is the principal 
subject of this article. f 


Design of the Harwell Spectrometer 
General description 


A block diagram of the principal units of the 
spectrometer is shown in fig. 2. The heart of the 
installation is the 15 MeV linear accelerator pre- 
viously described in these pages 1°). The 2 psec 
electron pulse is used to irradiate a y-ray and 
neutron source. 


Fig. 1. General view of the neutron spectrometer at Harwell during construction. 


and built simultaneously with the accelerator by the 
Mullard Research Laboratories in conjunction with 
the Atomic Energy Research Establisement, is 
similar to that of the previous spectrometer except 
that the number of intervals simultaneously avail- 
able for examination is increased to 100. This Har- 
well spectrometer will now be described in detail. 


The accelerator is housed in a heavy concrete 
shelter. Windows in the shelter near the neutron 
source provide exits for the neutrons into two roughly 
evacuated flight paths. Each flight path can be used 


separately for independent experiments. 


10) C. F. Bareford and M. G, Kelliher, Philips Techn. Rev. 15, 
1-26, 1953 (No. 1). 
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A timing pulse, designated the modulator pulse, 
is generated in a Master Timing Unit and is 
used to initiate the high voltage pulse which is 
applied to the electron gun of the linear accelerator 
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neutron detector. By now, the neutrons have become 
spaced out in time according to their energies. 
The electrical signal pulses from the detector there- 
fore constitute a series whose distribution in time 
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Fig. 2. Block diagram showing the principal units of the Harwell time-of-flight neutron spectrometer. 


and to its magnetron. The neutron pulse of 2 usec 
duration is emitted from the neutron source 1-3 usec 
after the modulator pulse because of circuit delays. 

The neutrons travel down each 20 metre flight 
path and are detected at the end of a path in a 


corresponds to the energy spectrum. This pulse series 
is fed via amplifiers to the common input rail of a 
bank of 100 gating units. The gating units are 
opened successively for equal short intervals AT, 
starting at a pre-set time T after the initiation of the 
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neutron pulse. Each gating unit output is fed separ- 
ately via a pulse lengthener to a mechanical counter 
acting as a register. These counters are conveniently 
grouped together in a register desk. The gating units 
thus perform a sorting action, in such a way that 
the nth register will count only those pulses arriving 
at a time ¢ from the initiation of the neutron pulse, 
such that 


Pa — 1) Arat< Tn AT. 


It should be pointed out here that for the release 
of one 2 usec neutron pulse, each gating unit can 
register only one neutron arrival. The parameters 
of the system are however such that the probability 
of arrival of one neutron (let alone two or more 
neutrons) at any given gating unit interval as a 
result of a single neutron pulse release is exceedingly 
small. The statistical distribution is evaluated at the 
registers by a repetitive cycle at 200 or 400 neutron 
pulses per second. Even so, a run of some hours is 
usually required to build up an adequate count 
distribution. 

The practical features of the Harwell instrument 
allow considerable flexibility of operation. The 100 
gating units can be used either in a single sequence, 
or else in two independent banks of 50 units each 
for experiments on separate flight paths. A sub- 
division into 16 + 84 units is also possible. 

The initial delay T before the initiation of the 


; _ gating unit sequence is provided by a Delay Unit — 


actuated by the master timing unit. The delay unit 
is capable of giving a delay from 0 to 2990 usecs, 
adjustable in steps of 10 ysecs. The delay unit also 
incorporates circuits which determine the gating 
interval AT, which can be set at 2 usecs or 10 yusecs 
per gate. 

In order to allow the use of two independent gating 
unit chains, two identical delay units are provided, 
each having the features described above. If the 
whole chain of 100 gates is used as a single sequence, 
only one delay unit operates. 

To provide a check on the correct operation of 
the gating units, a Total Gating Unit") is pro- 
vided for each chain, which gates the complete 
pulse series applied to the chain. These pulses are 
then counted by a Total Count Scaler 11), an elec- 
tronic high speed counter, which displays the 
count with neon indicators for units and tens 
and a mechanical counter for hundreds etc. The 
count on the total count scaler should evidently 
correspond to the sum of the individual gating 


unit counts. 


-iF Of AERE design. 
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Associated with the total gating units is a 
Fault Alarm System. This stops the counting and 
sounds an alarm whenever a fault occurs in the 
gating unit chain. This is an essential feature, since 
a normal experiment takes several hours of usually 
unattended operation, and an audible fault alarm 
therefore avoids waste of experimental time. 

To avoid frequent valve failures, the entire valve 
complement is normally replaced at periodic inter- 
vals. All circuits are designed to be independent of 
individual valve characteristics within the widest 
possible limits, so that readjustments are not 
necessary after valve replacements. These features 
are important since the equipment contains up- 
wards of 750 valves. 


The master timing unit 


The master timing unit provides the series of 
timing pulses on which the operation of the spec- 
trometer is based. A block diagram of the circuit is 
shown in fig. 3. For ease of reference, the different 
pulse series are detailed below. 

1) A pulse 

2) A pulse 

3) A pulse 

4) A pulse a period of 500 usec. 

5) The principal (p-r.f.) 
pulse series, which governs the neutron pulse 

the fundamental 


series with a period of 2 usec. 


series with a period of 10 usec. 
series with a period of 100 usec. 
series with 
recurrence frequency 
frequency, i.e. 
period of the whole system. This period can be 
adjusted !*) to 5000, 2500 or 1000 usec. 


6) A pulse series, having the same frequency as the 
Pp 8 q ys 
p-r-f. pulse series, which is used to initiate the 


recurrence 


time base of the monitor on the linear accele- 
rator and is called the pre-pulse series. 

7) The modulator pulse series, already mentioned 
above. This series has also the same frequency 
as the p.r.f. series but has a variable delay of 
from 2 to 5 usec on the pre-pulse series. 

The minimum timing interval required in the 
system is 2 usec and hence the timing system is 
based on a primary pulse series of 2 usec period, 
synchronized by a 500 ke/s crystal controlled oscil- 
lator. The other pulse series are derived from the 
2 usec series by four frequency dividers. The 
frequency division ratios of these dividers are 5: 1 
(for the 10 usec series), 10:1 (100 usec), 10:1 
(1000 usec) and 5:1 (5000 psec). 

The 500 usec and 2500 usec series are derived 
from the combined pulse edges of both anodes of 
the last two dividers, as will be described presently. 


The dividers are conventional two valve multi- 


12) The 1000 usec period is provided for future developments. 
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vibrators, synchronized by downgoing edges applied 
to both cathodes. For reasons which will be explained 
below (see Delay units, resetting of delay II) divider I 
divides by 5 unsymmetrically, one valve conducting 
for4 usec and the other for 6 usec. This ensures that the 
10 usec pulse series is delayed by 6 usec on the 100 us 
pulse series. Dividers IJ and III divide by 10 sym- 
metrically. Divider IV divides by 5 symmetrically. 
The latter is achieved by applying two sets of 
synchronizing edges, derived from the two anodes 
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gates the next primary pulse occurring after the 
p-r-f. pulse. 

The modulator pulse series is obtained from the 
pre-pulse series via the modulator pulse delay cir- 
cuit, which provides a continuously variable delay 
of from 2 to 5 usec. 

All pulses are generated by output circuits which 
consist of blocking oscillators. The duration of the 
pulses is about 0.2 usec, and their rise time is less 


than 0.05 psec when the blocking oscillators work | 


1000 usec 
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Fig. 3. Block diagram of the Master Timing Unit. 


of divider III, separately to the two cathodes of 
divider IV, so that each valve conducts for two and 
one half periods, i.e. 2500 psec.) 

The dividers deliver square wave voltages with 
periods of 10, 100. 1000 and 5000 usec. The 10 psec 
and 100 usec pulse series drivers are synchronized 
by the downgoing edges of the first two of these 
voltages. The 500 usec pulse series driver is syn- 
chronized with the combined edges from the two 
anodes of divider III. This combination takes place 
in the 1000 usec mixer. 

As already mentioned above, the period of the 
p-t-f. pulse series can be selected at 5000, 2500 or 
1000 usec. This pulse series is derived from the 
p-t.f. selector, which selects the edges from the 
appropriate dividers. 

The pre-pulse series is derived directly from the 
primary pulse series by the p.r.f. selector which 


into a load consisting of a cable with a characteristic 
impedance of 100 ohms. As is shown in fig. 2, the 
first five of the pulse series mentioned are applied 
to the delay units, the latter two being applied to 
the main control unit for the linear accelerator. 

To allow for future development of the spectro- 
meter by the addition of further flight paths, delay 
units and gating units, those of the pulse outputs 
which are connected to the delay units, are quadru- 
plicated. Each set of four output stages is driven 
from a common driver. 


The delay units 


The delay units provide the time delay T between 
the initiation of the neutron pulse and the opening 
of the first gate in the appropriate chain of gates. 


This delay is variable in 10 psec steps from 0 to 
2990 usec. 
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Fig. 4. Block diagram of a delay unit. 


The delay units also apply three series of pulses 
to the gating unit chain. The first of these series 
is called the start pulse series, which initiates the 
gating unit chain; the others are the odd and even 
stop pulse series which establish the gating interval 


_ AT, and ensure that this interval is independent 


of the timing circuits of the individual gating units. 
A block diagram of a delay unit is shown in 


Z fig. 4. The time delay T is provided by three delay 


eo ol 


circuits in cascade. Each of these circuits consist of 
a multivibrator which has a stable and a semi-stable 
state. The application of an initiating pulse triggers 
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the multivibrator into the semi-stable state, and the 
duration of this state is controlled by a series of 
resetting pulses, which is continously fed to each 
multivibrator. 

One example of a delay circuit is shown in fig. 5 
(delay IJ). When the circuit is in its stable state, 
B, is conducting and B, is non-conducting. The 
initiating pulses, which are previded by delay J, 
are applied to the cathode of B, (via terminal p). 
By these pulses the circuit is triggered into its 
semi-stable state with B, conducting and B, non- 
conducting. The resetting pulses are continuously 
applied to the cathode of B, (via terminal r). For 
this delay circuit the resetting pulses consist of the 
100 ysee pulse series and hence the duration of the 
quasi-stable state is an exact multiple of 100 psec. 
This multiple is determined by the value of resistance 
associated with the switch S. 

Delay II applies downgoing initiating edges to 
delay III (via terminal q). As shown in fig. 5, at 
the “0” position of switch S, these edges are taken 
from the anode of B, and therefore in this position 
they coincide with the initiating pulses from delay I. 
In this position the circuit resets itself into the 
stable state prior to the first resetting pulse after 
the initiating pulse. At the other positions of S the 
initiating edges for delay III are taken from the 
screen grid of B, and so they are coincident with the 
moments of resetting. The delay time of delay IT is 
therefore 0-900 usec variable in 100 usec steps. 

All three delays operate in a similar manner. The 
initiating pulses and the resetting pulses for delay 
I consist respectively of the p.r.f. pulses and the 
500 usec pulse series. This circuit provides a delay of 
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Fig. 5. Diagram of one of the delay circuits (delay IT ). It consists of a multivibrator with a 


stable and a semistable state. 
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Fig. 6. Illustration of the effect of all three delay circuits in series. Delay I is set in switch 
position 1, delay II in position 3 and delay III in position 7. The total delay is therefore 
1370 + 6 usec minus the delay in the divider chain. 


0-2000 usec variable in two steps of 1000 usec. The 
resetting pulses of delay III consist of the 10 usec 
pulse series. As already mentioned this pulse series 
is delayed on the 100 usec pulse series by 6 usec, and 
as delay III is reset by resetting pulses in all switch 
positions, including the “0” position, the delay 
time of delay IIT is 6-96 usec in 10 usec steps. 

Fig. 6 shows the effect of all the delay circuits in 
series. As the extra delay of 6 usec mentioned above 
is not indicated on the switch positions of delay III, 
the edge which is available from delay III is delayed 
on the p.r.f. pulse by the sum of the three individual 
delay settings plus 6 usec and minus the overall 
delay in the divider chain. This latter delay is 
approximately 1-5 usec. It is useful as it prevents 
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P.r.f. pulse 
500 usec pulses 


100 usee pulses 
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to delay II 
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Triggering edge applied 

to delay III 


Screen-grid voltage, 
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coincident triggering of the delay circuits, as all 
the initiating pulses occur a fraction of a microse- 
cond after the resetting pulses. Coincident triggering 
can be a serious fault as it tends to render the cir- 
cuit inoperative. 

The way in which the start pulses and the stop 
pulse series are produced is illustrated in the 
figures 7a and 7b which relate respectively to gating 
intervals of 2 and 10 usec. To prevent coincident 
triggering of the gating units it is necessary to 
produce two series of stop pulses, designated the 
odd and even stop pulse series, feeding the odd and 


even gating units respectively. This is accomplished 


by the odd-even separator consisting of a direct- 
coupled multivibrator, which in the case of 2 psec 
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Fig. 7. Illustration of the way in which the start and stop pulses are produced a) in the 
case of a gate width of 2 p sec, b) in the case of a gate width of 10 pu. sec. 
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gate width is driven by the 2 usec pulse series from 
the main timing unit. The edges in the respective 
anodes of the odd-even separator are used to trigger 
the odd and even stop pulse driver blocking oscil- 
lators. 


a 
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phasing of the 10 usec pulse series with respect to 
the pre-pulses, and 2 usec by the gating of the even 
stop pulses. Hence, with all delays set at zero the 
start pulses and the neutron pulses can be made 
coincident in time by aligning the leading edges of 
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Fig. 8. Illustration of the phasing of the start pulses and the neutron pulses when all delay 


circuits are in the zero position. 


The start pulse, which initiates the gating unit 
chain is derived from the even stop pulse series. The 
edge from delay III is used to produce a gating 
waveform, called the start pulse gate, which gates 
the next even stop pulse. This triggers the start 
pulse output blocking oscillator. It is necessary to 
place the stop pulses correctly with respect to the 
edges from delay III. This is accomplished by setting 
the odd-even separator in the right condition with 
the edges from delay III. 

When a gate width of 10 usec is desired (fig. 7b) 
the odd-even separator is not driven by the 10 usec 
pulse series from the main timing unit, but by a 
10 usec series which is derived from the 2 psec 
pulse series by gating the appropriate pulses. The 
waveform which accomplishes this gating is con- 
trolled by the 10 usec pulse series from the main 
timing unit. 

The phasing of the start pulses and the neutron 
pulses is illustrated in fig. 8. The modulator pulses 
are delayed on the pre-pulses by a delay which is 
continuously variable from 2 to 5 usec. The 
modulator itself introduces a delay of from 1 to 
3 usec. The neutron pulses can therefore be delayed 
on the pre-pulse from 3 to 6 usec with a modulator 
delay of 1 ysec, or from 5 to 8 usec with a modu- 

lator delay of 3 usec. With all delays set at zero the 
start pulses are delayed with respect to the pre 
pulses by 6 usec. Of this, 4 usec is contributed by the 


the start pulse and the linear accelerator electron 
pulse. Any delay T now introduced by the delay 
circuits will be accurately defined by the setting 
figure of these circuits. 

The circuit used for establishing the variable 
time delay of the modulator pulses with respect to 
the pre-pulses is illustrated in fig. 9. The two 
triodes of B, are strapped in parallel and are nor- 
mally conducting. At a time coincident with the 
pre-pulse, both valves are rendered non-conducting 
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Fig. 9. Circuit diagram of the modulator pulse delay cricuit. 
The delay time is controlled by the LC circuit in the cathode 
lead of B,. 


by a downgoing edge applied to terminal s. A 
sinusoidal voltage is developed across the tuned 
circuit which forms the cathode load. Since in the 
first half cycle the cathode of B, is negative with 
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respect to earth, B, which is normally conducting 
is rendered non-conducting. At the conclusion of the 
first half-cycle B, is again driven into conduction and 
the downgoing edge in the anode is used to trigger 
the blocking oscillator which generates the modulator 
pulses. The waveform then tries to drive the control 
grid of B, positive and the resultant grid current 
damps out the sinusoidal voltage at the cathode of B,. 
The delay between the pre-pulses and the modulator 
pulses is controlled by the tuning frequency of the 
cathode circuit of B,, which can be varied by 
adjusting the tuning capacity. 


The gating unit chain 


The requirement of the gating unit chain is that 
the individual units shall be rendered operative for 
successive intervals AT of 2 or 10 usec. To achieve 
this, every unit is provided with a series of stop pulses, 


Start out 
pulses 


Signal 
pulses 
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This square wave or gating waveform is applied to 
the control grid of the gating valve. All the signal 
pulses derived from the detection chamber are 
applied to the suppressor grid. Hence each gating 
valve passes to its anode any signal pulses arriving 
during its gating interval AT. 

The gated signal pulses are of too short a dura- 
tion to operate a mechanical counter, and they are 
therefore used to trigger the register pulse generator, 
which is a cathode-coupled multivibrator with a 
stable and a semi-stable state. The duration of the 
semi-stable state is arranged to be 70 usec and is 
used to operate a high speed relay which in turn 
operates the appropriate mechanical counter on the 
register desk. No scaling units are required as the 
probability of two signal pulses being gated by a 
particular gate during 70 usec is extremely remote. 

The screen grid of the gating valve is connected 


Register 
o pulse o 


generator Register 


Cathode- 
© follower ° 


Start out pulses 
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Fig. 10. Schematic diagram of a gating unit. (The first gating unit is opened by the 


start pulses instead of the start-out pulses.) 


odd or even depending upon its position in the chain. 
After the delay T, the start pulse opens gating unit 
number one which is closed by the next odd stop pulse 
atime AT after the start pulse. The closing of gating 
unit number one is accompanied by the generation 
of a pulse, called a “start-out” pulse, which opens 
gating unit number two. Number two is closed by 
the next even stop pulse after the interval AT and 
opens number three. Each unit therefore provides 
a pulse to open the next unit and the units are ren- 
dered operative for successive intervals AT. 
Each individual gating unit incorporates a gating 
waveform generator, a gating valve, a start-out pulse 
generator and a register pulse generator (fig. 10). 
The gating waveform generator consists of a direct 
coupled multivibrator with two stables states. It is 
normally held in one stable state by the applica- 
tion of the stop pulse series. The start pulse triggers 
it to the other stable state and the next stop pulse 
triggers it back to its normal stable state. It thus 
provides a square wave of duration AT equal to the 
interval between the start and the stop pulse. 


to a pulse generating circuit consisting of an 85 wH 
choke in parallel with a crystal diode. This circuit 
generates a positive pulse when the current in the 
gating valve is cut off at the termination of the 
gating interval. This pulse is fed to the next gating 
unit via a cathode follower. 

The total gating unit, provided at the end of 
each chain of gating units, is opened by the initial 
start pulse and closed by the start-out pulse from the 
last unit in the chain. It therefore gates all the signal 
pulses, gated by the individual units in the chain. 
The gated pulses are counted by the total count 
scaler and provide a check on the experimental 
results. 

The duration of the total gating waveform is the 
sum of the gate width of the chain of gates associated 
with it and is used to operate the fault alarm system. 
Any failure in the start pulses, stop pulses or an 
individual gate will render the total gate inoperative. 
The resultant absence of the total gating waveform 
causes the fault alarm circuit to stop the counting 
and sound an audible alarm. 
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Accuracy of the measurements 


Assuming correct operation of the frequency 
dividers and delay circuits, the accuracy of the 
electronic system is dependent upon the principal 
timing pulses of which all except the modulator 
pulses are derived directly from the 2 usec pulse 
series. As this primary pulse series is derived from 
a erystal controlled 500 ke/s oscillator, the timing 
errors contributed by the principal timing pulses 
will be very small (less than 0.1 usec). 
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Fig. 11. Cathode circuit of valve B, of the modulator pulse 
delay circuit (fig. 9) showing the notation used in the calcu- 
lation of the delay time. 


Any variation in the relative phasing of the pre 
pulses and the modulator pulses will contribute to 
the inaccuracies of the electronic system, since the 
operation of the gating units is referred to the 
primary pulse series in the same way as the pre- 
pulses (see fig. 8) and the accelerator is actuated by 
the modulator pulses. The accuracy of the time delay 
which is provided by the modulator pulse delay 
circuit (fig. 9) will now be calculated. 

An equivalent circuit of the cathode circuit 
of the valve B, is shown in fig. 11. The valve 
provides a current I, where I = I, when t < 0, 
and I = 0 when t > 0. 

The circuit equations are: 


di, q 

ene 
where q is the charge of the capacitor C. Eliminating 
I, and I,: 


ele cand 


dq 
EL ae 
dt c 


Bee et: 


so that for t > 0 we get: 


= q P / ot 
= — = — 1k = SEN. 
neuro C VLC 
As the modulator pulse is delayed with respect to 
the pre-pulse by half a cycle of Ex, this delay time 
amounts to Tg = xy LC and the amplitude of Ex 
is KyL/C. 
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The accuracy of the time delay is dependent upon 
the grid voltage at which B, starts to conduct and 
upon the stability of the inductance and capacity 
of the tuned circuit. Measurements on samples of 
the pentode used (type EF 91) indicate that the 
spread in control-grid cut off potential is dependent 
on the screen grid potential, becoming smaller as 
the screen grid potential is deereased. With a screen 
grid potential of 150 V the spread in cut off poten- 
tial is from 3 to 4:5 VY. 

The slope of the waveform at any time tis given by 


dE 
drier G 


Hence, at the instant when B, becomes conducting 
(t= LC) the slope is equal to I,/C. The capacity 
Cis variable between 88 and 345 pF. As I, = 19 mA 
we obtain for the slope of the waveform a value of 
217 V/usec for the minimum value of C, and a value 
of 55 V/usec for the maximum value of C. The 
possible variation in the control-grid cut off poten- 


Io. 


Fig. 12. a) Simplified diagram of a part of one of the delay 
circuits (fig. 5). 

b) Equivalent diagram of fig. 12a in which the valve B, has 
been replaced by a voltage source E generating a step function 
voltage. 

c) The voltage Ez, between grid and cathode of B, as a func- 


tion of time. 


336 


tial of B, will thus cause at most a variation in the 
minimum delay time of 0-007 usec or 0-35% and 
a variation in the maximum delay time of 0-027 usec 
or 0:54%. 

The stability of the inductance is almost solely 
dependent on the temperature coefficient of the 
permeability of its Ferroxcube core. This is quoted 
as 120 parts in a million per degree centigrade. The 
corresponding variation in delay time is therefore 
0.12% for a 20°C variation in temperature. 

The capacity is made up of the following: a two 
gang variable tuning condenser, the input capaci- 
tance of B,, the heater to cathode capacitance of B,, 
the coil capacitance, the wiring capacitance and the 
two valve-base capacitances. The coil capacity, the 
wiring capacities and the valve-base capacities are 
substantially constant for a particular assembly. 
The stability of the variable capacity is better than 
0.1%. The input capacity of an EF91 and the heater 
to cathode capacity of both parts of an ECC81 
are subject to a variation of + IpF. The minimum 
capacity is therefore subject to a maximum variation 
of 3 pF in 88 pF giving a variation in delay time of 
1.71%. The maximum capacity is subject to the 
same variation with a corresponding delay time 
variation of approximately 0.44%. 

The overall accuracy of the time delay is therefore 
1.20% or 0.06 ysec at maximum delay time and 
2.28% or 0.046 usec at minimum delay time. Since 
the overall uncertainty of the electronic system is 
determined by the 2 usec gate width, a maximum 
variation of 0.06 ysec contributed-by the modu- 
lator pulse will have little effect. 


Reliability of the installation 


The reliability of the spectrometer depends upon 
the correct operation of the multivibrator dividing 
and delay circuits. The timing function of the multi- 
vibrator is governed by its semi-stable state and an 
examination of the factors governing this state is 
therefore required. 

In fig. 12a a simplified diagram of a part of fig. 4 
is shown. During the stable state, when B, is con- 
ducting, the flow of grid current in this valve keeps 
its grid-cathode potential approximately at zero. 
At the moment where the initiating pulse is applied 
to the cathode of B, the anode potential of this 
valve drops from Ey, to Ex — Ej, where Ep is the 
anode-cathode potential of the clamping diode B, 
and the control grid potential of B, (Vg ) falls to a 
negative value 


Cg 


E,—E x + Ej) ——— 
(By—Ex + Po) oe 
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Eg then increases as is shown in figure 12c till in the 
absence of resetting pulses it reaches a certaim 
critical value E, when the circuit will reset itself 
into the stable state. 

Assuming that the time for the anode potential of 
B, to decrease from E, to (Ex — Ep) is small 
compared with the duration of the semi-stable state, 
B, can be replaced by a voltage source generating a 
step function E as shown in the equivalent circuit 
in figure 126. 


The equations governing the circuit are: 


80461 


Fig. 13. The master timing unit. Front view with covers 
removed, showing the valve side of the main chassis (top) and 
the power unit (bottom). 
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es Tyer ala) Re ep 
gk 
dq, 
I = 
: dt ° 
dq 
[eee 
: dt’ 


where q, and q, are the charges of Cg and Cok respect- 
ively. 

From these equations an expression is obtained 
for the voltage Eg: 


q2 \(E, — E)C, ) 


Eo. = ewe E 
Soe t \)_ (Ex B) Cy 
(Cg + Cgk) Rg ) Cy + Cok 
or, as Cy >Cox, 
; —t 
a8 
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If we denote the time for EF, to reach the critical 
value E, by Ts, 
E,—V. 
Ts = —C,Rg loge SELLE : 
where E = Ey — Ep. 

The way in which T, depends on the stability of 
the factors determining T; can now be deduced. 
The actual circuit conditions are E, = 300 V, 
Ex = 150 V, Ep varying from 1.0 to 3.6 V, and E, 
varying from 3.4 to 4.6 V. E, and Ex are provided 
by stabilized supplies of expected maximum varia- 
tions of 1°%. With the values mentioned we calculate 
that a variation of 1° in E, or in E, gives a varia- 
tion of 0.8% in Ts. 

A variation of Ey from 1.0 to 3.6 V gives a varia- 
tion of 2.4°% in T, and a variation of E, from 3.4 to 
4.6 V gives a variation in T; of 1.1%. 

A variation of C,R, is in general caused by the 
resistor. For high stability resistors up to 1 megohm 
a stability of 2.5°% can be realized. 


Fig. 


power supply control panels. 


(on the right there is a position for another 


14. The main assembly. Front view showing in the centre the register and control 
desk. At the top of the left and right sections are the delay unit monitor tubes; below them 
are the delay unit control panels. Half way down on the left section is a total count scaler 


sealer). At the bottom. left and right, are the 
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It follows from these calculations that the 
duration of the reset time of each multivibrator 
circuit is subject to a variation of maximum value 
7.6%. Should this variation exceed the period 
between the resetting pulses, the danger arises 
that the circuit might be reset into the stable state 
by a wrong pulse. When the division ratio is 10, 
this being the maximum value occurring in the 
installation, the permissible variation in T, in this 
respect is 10%, which is not exceeded by the figure 


calculated above. 
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mounted in the top of the rack which draw air in 
through a grid at the bottom. Vertical mounting of 
the chassis is employed so that they can be main- 
tained without removal from the rack. Fig. 13 
shows a front view of the master timing unit with 
the covers removed. 

The main assembly consists of two racks mounted 
on either side of the register desk. Each rack houses 
a delay unit, a total count sealer, and four power 
supplies, each rack again being cooled by two fans 
mounted in the top of the rack and drawing air 


Fig. 15. The main assembly, Front view with covers removed, The right hand delay unit 
shows the hinged mounting framework and the input connections. One of the power sup- 
plies has been removed to show the method of mounting. The register desk has been hinged 


aes one of the fans has been removed, so that the rear side of the gating unit rack 
is visible, 


Construction of the equipment 

As the master timing unit is designed to feed 
timing pulses to four sets of delay units, it is housed 
in a separate rack together with its associated power 
supplies. The timing pulses are brought out to a 
series of coaxial sockets mounted on a channel at the 
foot of the equipment. Cooling is effected by two fans 


from the bottom. The delay units are mounted 
vertically in a hinged frame so that they can be 
maintained without removing them from the rack. 
A.C. supplies to, and D.C. supplies from each unit 
are brought to four tag boards mounted on either 
side of each rack. Fig. 14 and 15 show the main 
assembly with and without covers. 
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The gating unit rack, which is shown in Jig. 16, is 
wired as a separate unit and is supported on the back 
of the main framework by four brackets. In consists 
of 103 frames designed to take 100 gating units and 
3 total gating units. Each frame is fitted with 11 
spring loaded contacts to take the input and out- 
puts to and from each unit. This provides for imme- 
diate rectification of faults in the gating unit chain 
as all the units are interchangeable and any faulty 
unit is easily replaced by one of the spare units. 
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tag board on the back of the gating unit rack. Also 
incorporated in the register desk are the count 
keys, the fault alarm and the A.C. input switches. 

The timing pulses are fed from the master timing 
unit by 100 Q coaxial cables to coaxial sockets 
mounted at the back. Each cable is terminated by 
a 100 Q resistor. The A.C. inputs are taken in via 
a hinged input panel mounted below the pulse 
inputs. A.C. switching is accomplished by two gra- 
vity return contactors. In order to ensure that the 


Fig. 16. The main assembly. Rear view with covers removed, showing the grating unit rack 
which houses 100 gating units and three total gating units. Four of the units have been 
removed and are lying in the right hand cover. The main input panel in the centre has 
been hinged down to show the main contactors. Power packs are also visible (bottom left 
and right). In the centre of the base is the 50 V power supply for the register desk. 


The five switches dividing the rack into two separate 
chains of gating units are housed at the appropriate 
points along the bus bars which feed the start and 
stop pulses to the units. Cooling is effected by fans, 
two housed above the ends of the rack and the other 
two mounted horizontally drawing air from the 
central portion of the rack and blowing it out from 
the front of the unit. In order to ensure that the air 
circulates through the gating units, the whole rack 
is enclosed by two covers hinged at the end and 
having a wire mesh running along the bottom 
flange. The maximum temperature rise using this 
arrangement is 35 °C above ambient. 

The register desk with its 100 mechanical coun- 
ters is mounted at an angle to facilitate reading of 
the numbers. Connections from the registers to the 
gating units are made by a cable form wired onto a 


gating units are not operated without their bias 
supply, the contactor switching the A.C. to the 
power supplies is operated via a relay which in turn 
is operated by the bias supply. 

The covers, with the exception of the gating unit 
rack covers, are fitted with interlock switches wired 
in series with the operating coil of the H.T. main 
contactor. 

The electronic assembly can be seen in the back- 
ground on the photograph of fig. 1, which gives a 
general view of the whole installation. 
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Summary. In this article a description is given of a time-of- 
flight neutron spectrometer installed in the Atomic Energy 
Research Establishment at Harwell and used for measure- 
ments of the energy levels of neutron scattering and resonance 
absorption. The heart of the installation is the 15 MeV linear 
accelerator previously described in these pages. A 2 usec 
electron pulse after travelling down the accelerator is used to 
irradiate a y-ray and neutron source. Some of the liberated 
neutrons travel down a 20m flight path, after which they 
have become spaced out in time according to their energies. 
The installation contains two of these flight paths, which 
can be used separately for independent experiments. At the 
end of each flight path the neutrons are detected by a neutron 
detector. The electrical signal pulses from this chamber con- 
stitute a series whose distribution in time corresponds to 
the energy spectrum. This pulse series is fed to the input rail 
of a bank of 100 gating units, which are opened successively 
for equal short intervals AT starting with a time delay T from 
the initiation of the neutron pulse. Each gating unit output is 
fed to a mechanical counter. The intervals AT can be set at 2 
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or 10 uw sec and the delay time T is adjustable between 0 and 
2990 u sec. The principal recurrence frequency can at present 
be set at 200 or 400 p.p.s. 

The functioning of the installation is based on a number of 
timing pulse series which are generated in the master timing 
unit. They are all controlled by a primary pulse series of 
2 usec period derived from a 500 ke/s crystal controlled oscil- 
lator. The other pulse series are derived from this primary 
series by four frequency dividers (multivibrators). The time 
delay T is provided by a delay unit which contains three 
adjustable delay circuits in cascade. Each of these circuits 
consists of a multivibrator with a stable and a semi-stable 
state. Each gating unit contains a multivibrator with two stable 
states, which is triggered by two series of pulses, the start out 
pulse series and the stop pulse series. To prevent coincident 
triggering, two series of stop pulses are used, feeding the odd 
and even gating units respectively. The 100 gating units can 
be used either in a single sequence or in two independent banks 
for experiments on both flight paths. To provide a check on 
the correct operation of the installation a total gating unit 
is provided for each sequence of gating units. Associated 
with these total gating units is a fault alarm system which 
sounds an alarm whenever a fault occurs in a gating unit 
sequence, Since a normal experiment takes several hours of 
(usually) unattended operation, this alarm avoids waste of 
experimental time. At the end of the article some calculations 
are made concerning the accuracy and the reliability of the 
installation and a short description is given of some con- 
structional details. 
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EXPERIMENTAL SET-UP 
OF A 1 MILLION VOLT ION-ACCELERATING TUBE 


A source of hydrogen or deuterium ions is mounted in the top protecting cover, sup- 
ported by three columns. The ions are accelerated in the 4 metre-long acceleration 
tube (centre). The cascade generator, supplying the acceleration voltage of 10° V, is 


visible in the background. 


342 PHILIPS TECHNICAL REVIEW 


VOL. 15, No. 12 


PHOTOGRAPHY OF THE EYE 
WITH THE AID OF ELECTRONIC FLASH-TUBES 


by J. E. WINKELMAN *) and N. WARMOLTZ. 


771.447.4: 617.7 


The electronic flash-tube, apart from its extremely short flash duration, good light output 
and high efficiency, possesses other important characteristics. One of these is the great variety 
of shapes in which these tubes may be constructed; another is their flexibility in operation. 
These characteristics are illustrated by the special flash-tube for ophthalmic puposes described 


in this article, which makes it possible, in a simple set-up, to obtain excellent well-defined 


colour photographs of the human eye. 


In ophthalmology, photographic records of pa- 
tients nowadays occupy an important place. Well- 
defined photographs, particularly those in colour, 
provide a far more complete record than the sketches 
on which the ophthalmologist formerly had to rely. 

In this article we shall deal with an apparatus for 
eye photography that has been developed in the 
Wilhelmina Hospital ophthalmic clinic in Amster- 
dam. This apparatus serves for photographing the 
externally visible parts of the eyeball (the anterior 
segment) which includes (fig. 1) the cornea, the 
sclerotic coat or white of the eye, the conjunctiva, 
the anterior chamber, the iris, the pupil, the 
anterior surface of the lens, the eyelids and the 
adjoining skin, and parts of the lachrymal apparatus. 
Fig. 2 shows four colour photographs made with 
the present equipment of the eyes of different 
patients. For photographing the posterior segment 
of the eye (the fundus oculi, including the retina), 
different set-ups are used, which will not be dealt 
with in this article. 

As a photographic object the eye, in particular the 
diseased eye, presents considerable difficulties. Ab- 
normalities of the eye are as a rule of very small 
dimensions, so that at least full-scale photographs are 
required. For this the camera has to be brought up 
very near to the object, which in turn requires the 
use of a very small aperture in order to produce 
the necessary depth of focus. If we consider, more- 
over, the relatively low sensitivity of colour film, 
then it will be clear that photographs of this kind 
require a large quantity of light. Even for the most 
powerful sources of contiuous illumination, this in- 
_ volves fairly long exposure times, e.g. some seconds. 
Difficult as it may be to keep a normal, healthy eye 
from moving during such a period, for a diseased eye 
this is well-nigh impossible. 


*) Ophthalmic Clinic, Wilhelmina Hospital, Amsterdam. 


An almost ideal solution of this problem was found 
in the electronic flash-tube. This light source, origi- 
nally developed for highly specialized purposes '), 
but now generally applied in photography ”), is 
commercially available in a number of forms. It 
consists basically of a glass tube, filled with rare 
gas at not too low a pressure, through which a 


Fig. 1. Cross-section of the anterior segment of the eye. D eye- 
lids, H cornea, W sclerotic coat or white of the eye, B conjunc- 
tiva, L crystalline lens, I iris, P pupil, K, anterior chamber. Also 
shown are, K, posterior chamber, C ciliary muscle, V choroid, 
R retina, G vitreous humour. 


1) See e.g., S. L. de Bruin, An apparatus for stroboscopic 
observation, Philips tech. Rev. 8, 25-32, 1946: N. Warmoltz 
and A. M. C. Helmer, A flash lamp for illuminating vapour 
tracks in the Wilson cloud chamber, Philips tech. Rev. 10, 
178-187, 1948. 

*) Cf. e.g. Photogr. J. 89B, May-June 1949 (symposium on 
electronic flash lamps), or: M. Laporte, Les lampes a 
éclaire lumiére blanche et leurs applications, Gauthier- 
Villars, Paris 1949. (A comprehensive article on electronic 
flash-tubes will appear in the next issue of this Review — 


Ed.) 
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capacitor is made to discharge via two electrodes 
with the aid of a triggering electrode. A flash is thus 
produced, having a duration varying between a few 
microseconds and a few milliseconds, dependent on 
the construction of the lamp, and of such a high 
intensity that the total light output emitted amounts 
to some thousands or some tens of thousands of 
lumen seconds. During such extremely short periods 
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which some eye patients may be extremely sen- 
sitive). Furthermore, a series of exposures need 
not be interrupted for the exchanging of the bulbs. 
Finally, the flash-tube allows a simple solution to 
a very important aspect of this particular applica- 
tion — the setting up and focussing of the camera 
(see below). 

In principle, various commercially available 


Fig. 2. Colour photographs of the eyes of different patients, made with the apparatus 
described, on daylight colour film (for use with a source of colour temperature 6000-6500 °K). 
a) Normal eye. Note the excellent reproduction of the texture of the iris. 
b) Eye in diabetes. Fine blood vessels can be seen running across the iris. 
c) Eye with dendritic keratitis in the cornea. The dendritic ulcus of the cornea is coloured 


green with fluorescein. 


d) Eye with loosened and displaced lens. On top the dark pupil is visible and below it 


the sagging, turbid lens. 


the eye shows no discernible reaction to the illumi- 
nation: this occurs later, when the photograph has 
already been made. The luminous efficiency of 
electronic flash-tubes is considerable (of the order 
of 40 lumen/watt), so that no excessive demands are 
made on the electrical supply unit. When compared 
with ordinary flash-bulbs, for this particular 
application, the electronic flash-tube has the 
_ advantage that it develops hardly any heat (to 


flash-tubes are suitable for the purpose described 
here and there have already appeared several publi- 
cations on set-ups of this kind *). The apparatus 


3) See e.g., R.R. Trotter and W. M. Grant, Electronic flash 
(gas-dicharge) tube in photography of the anterior segment 
of the eye, Arch. Ophthalm. 40, 493-496, 1948; N. Jeffreys, 
Problems of ophthalmological photography, J. Phot. Sci. 
1, 184-192, 1953 (Nov.-Dec.); G. Meyer-Schwickerath, 
Flash photography of the diseased eye, Photographie u. 
Forschung 5, 170-173, 1953 (June). 
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developed in Amsterdam, however, was based on 
the assumption that a simple but effective set-up 
could best be realized by adapting the light-source 
to the specific requirements of this particular appli- 
cation. These requirements may be outlined as 
follows. The object to be photographed is very small 
— its diameter will not exceed 4 or 5 cm. In order to 
concentrate a substantial portion of the light 
of the flash tube on to such a small area by 
means of a lensor mirror of reasonable proportions, 
the flash tube should preferably be very small. 
Furthermore, in order to obtain a uniform illumi- 
nation of the curved surface of the eye and to direct 
a sufficient amount of light on the iris, the 
light source must be placed as near as possible to 
the line of sight of the camera. This also requires 
that the source should be of small dimensions. Final- 
ly the possibility of undesirable reflections must be 
considered both from the cornea, which acts as a 
convex mirror, and from the conjunctiva. This can 
best be avoided by a set-up permitting a prior exa- 
mination of the location of the reflections. Such an 
examination is possible with the aid of an auxiliary 
light-source, so arranged to illuminate the eye from 
exactly the same angle as the subsequent flash. 
For this purpose a filament lamp may be used, of low 
intensity to avoid discomfort to the patient. 

All these considerations have led to the construc- 
tion of the special flash-tube shown in fig. 3. It 
consists of three almost co-planar turns of rather 
narrow glass tube. In the centre of the spiral is an 
aperture approximately 1 cm in diameter. For the 
auxiliary lamp an experimental type of reflector 
lamp has been chosen which has an internal ellip- 
soidal mirror. This produces an image of the fila- 
ment about 2 cm outside the bulb. The reflector lamp 
is so positioned behind the flash-tube that the image 
of the filament is produced within the aperture of 
the spiral. This image and the flash-tube are pro- 
jected by means of a “Perspex”? condenser lens on 
the eye to be photographed (fig. 4). The outside 
of the condenser is provided with a sheet of ground 
glass, to provide some dispersion of the light, as 
otherwise the structure of the source would show 
up on the object. 

The whole lighting system is contained in a casing, 
mounted close to the camera on asingle stand (fig. 5). 
The camera is of the 35 mm-type, provided with 
a mirror-reflex attachment (lens f 3.5, with a focal 

length of 5 cm). The distance from the lens to the 
_ patient’s eye is normally 6 to 7 cm, producing a 
photograph about 1.5 times full size. The flash-tube 
is supplied from a 4 uF capacitor, charged up to 
about 5 kV, so that the flash energy amounts to 
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roughly 50 joules. Nothwithstanding this relatively 
small energy, the illumination of the object is suf- 
ficient to allow the use of apertures of f 16 and even 


Fig. 3. Sketch of the electronic flash-tube developed for eye 
photography. The glass spiral has a central aperture of about 
8 mm diameter. 


smaller. The colour temperature of the flash-tube 
is approximately 6500 °K, corresponding to normal 
daylight, so that daylight colour film can be used. 

The flash is normally triggered by contacts in the 
camera synchronized with the shutter, but the 
apparatus can, if necessary, also be used with a 
camera without electronic-flash synchronizing con- 
tacts. For this purpose a pedal switch is provided 
which successively switches off the auxiliary lamp, 
opens the camera shutter and triggers the flash. 


Cc i 


79845 


Fig. 4. The illumination system for eye photography. F elec- 
tronic flash-tube, L lens, M sheet of ground glass. G is a 
filament lamp for focussing and sighting; its silvered bulb 
produces an image of the filament outside the envelope and 
the lamp is so positioned that the image falls within the central 
aperture of the flash-tube. C connections to capacitor, T lead 
for triggering pulse. 
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Switching off the auxiliary lamp is desirable in 
order to avoid the risk of even the slightest move- 
ment blurring and of incorrect colour reproduction 
due to the low colour temperature of the incandes- 
cent lamp. 

Some of the photographs made with the apparatus 
discussed here, have been reproduced in fig. 2. In 
spite of the limitations imposed by the printing 
process, these colour reproductions give an impres- 
sion of the excellent quality of the original photo- 
graphs, due to the complete absence of movement 
during exposure and to the large depth of focus. 
Apart from providing a reliable record of the pat- 
ient’s condition, these high definition photographs 
have also proved of value in ophthalmic research. 
Great interest has lately arisen with regard to the 
flow of blood through the finest blood vessels of the 


conjunctiva, especially since Ascher’s discovery *) of 


4) K.W. Ascher, Amer. J. Ophthalm. 25, 31-38, and 1174-1209, 
1942; 27, 1074-89, 1944; 29, 1373-87, 1946. 
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Fig. 5. Arrangement of camera and illuminating unit on a 
common stand of the type normally used for examinations of 
this kind. The patient’s head is held in a fixed position by the 
usual ophthalmic chin-and-forehead rest. 


Fig. 6. Part of the sclerotic coat and the ¢ 
about 20x. This photograph was made wit 


onjunctiva of a normal human eye, enlarged 
h the apparatus described in this article. The 
definition is sufficient to render visible even the fine ramifications of the blood vessels of 
the conjunctiva. At the right part of the cornea can be seen, and below left, a few eyelashes. 
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what are termed the ‘aqueous veins”. As a rule 
these finest capilliaries can be observed only through 
a corneal microscope. Photography of this delicate 
network of blood vessels is a most difficult task. 
Fig. 6 demonstrates that the definition of the 
negatives made with the set-up described (i.e. 
without a microscope) is sufficient to permit enlarge- 
ments in which these fine blood vessels of the con- 
junctiva are easily visible. 


The flash-tube and the further equipment were 
developed in cooperation with Drs H. J. J. van 
Boort of the Laboratory of the Light Group at 
Philips. Mr G. Lammens of the Amsterdam Ophthal- 
mic Clinic who made the photographs reproduced 
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here, played an important part in the development 
of the instrument. 


Summary. Colour photographs of the externally visible parts of 
of the eye provide the ophthalmologist with an ideal means of 
recording his findings. Photographs of this kind require a 
very large quantity of light, but the hyper-sensitivity of 
abnormal eyes is a serious obstacle to the use of a continuous 
illumination of sufficient intensity. An electronic flash-tube, 
specially designed for use in conjunction with a filament 
lamp for focussing and sighting (which lights the eye from 
exactly the same direction) eliminates these difficulties. The 
lamp operates on a flash energy of only 50 joules. By means 
of a simple optical system for concentrating the light on the 
eye under examination, the illumination permits colour photo- 
graphs of 1.5 x full size to be made with an aperture of 
f 16. Some colour photographs made with the apparatus are 
reproduced in the article, as well as a 20 x enlargement of a 
normal eye, in which the extremely fine blood vessels of the 
conjunctiva are visible, demonstrating the high definition 
attainable. 
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2067: H. O. Huisman, A. Smit, S. Vromen and 
L. G. M. Fischer: 
Vitamin A-series, II. Allylic rearrangements 


Investigations in the 


in the Vitamin A-Series (Rec. Trav. chim. 

_ Pays-Bas 71, 899-919, 1952, No. 8). 

By splitting off water from the intermediate 
hydroxycompounds of the vitamin A-series, allylic 
rearrangement takes place in the cyclohexene ring. 
This rearrangement occurs throughout the whole 
vitamin A-series with those hydroxy-intermediates 
wherein the hydroxy-group is in an allyl position 
with regard to the double bond in the cyclohexene 
_ ring. The reason why so many attempts to prepare 
synthetic vitamin A in reasonable yields, starting 
with “key” intermediates other than the C,, alde- 
hyde lead to failure, is outlined. 


2068: J. A. Keverling Buisman and P. Westerhoff: 
Investigations on sterols, V. Thio-deriva- 
tives of provitamine D (Rec. Trav. chim, 
Pays-Bas 71, 925-932, 1952, No. 8). 

A description is given of the synthesis of the 
thio-analogues of ergosterol and 7-dehydrocholesterol 
from these two compounds. 


2069: H.D.Moed, M. Asscher, P. J. A. van Draanen 

. and H. Niewind: Synthesis of #-phenyl- 
ethylamine derivates, II. Condensation of 
phenols with amino-acetonitriles (Rec. Trav. 

chim. Pays-Bas 71, 933-944, 1952, No. 8). 

A description is given of the condensation of 
amino-acetonitriles with phenols according to the 


method of Houben-Hoesch. The condensations have 
led to the preparation of a number of compounds of 
the type: 

R,R,N-CH,-CO-(C,H,R)-OR,, 
in which the R denote alkyl groups. A number o 
f-amino-acetophenones have been converted into 
compounds with sympathomimetic activity. An 
investigation has been made into the conditions and 
the mechanism of the synthesis, and the influence 
of substituents in the benzene ring on the reactivity 
of the phenol component. A discussion is devoted 
to the electronic interpretation of the synthesis 
according to Houben and Hoesch. 


2070: B. Verbeek and A. H. W. Aten: Radia- 
tions from arsenic 70 (Physica 18, 974-975, 
1952, No. 11). 


Description of the preparation of As’? by bom- 
barding arsenic-free germanium oxide with 26 MeV 
deuterons. The half-life is found to be 52+1 min. 
Positrons are emitted with maximum energy of 
2.7 MeV. The upper limit of the ratio K-capture/ Bt - 
emission is 0.2. Apart from the annihilation radia- 
tion, on the average 2 gamma quanta per positron 
are emitted with energies between 1 and 2 MeV 


2071: B. H. Schultz: Regenerators with longitudi- 
nal heat conduction (Proc. Gen. Discussion 
on Heat Transfer 1951, pp. 440-443, Inst. 
Mech. Engrs. London). 


For the efficiency 1 of a non-subdivided regene- 
rator (e.g. in a hot-air engine) in the case of large 
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heat capacity, the formula 
= 1-2(1 + A0)/q 


is derived, in which J is the reduced surface and } 
is the ratio of heat conductance of the regenerator 
to the heat capacity of the gas transferred per sec; 
q is a function of A and 4. It is shown that the same 
formula probably holds in the case of a subdivided 
regenerator (consisting of a number of slabs with no 
thermal contact between adjacent parts), provided 
the reduced heat capacity I’ (heat capacity of the 
regenerator divided by that of the amount of gas 
transferred per cycle) is sufficiently large (I”>3). 


2072: H. P. J. Wijn: A new method of melting 
ferromagnetic semiconductors: BaFe,.0,,; a 
new kind of ferromagnetic crystal with high 
crystal anisotropy (Nature 170, 707, 1952). 


A method is described for preparing single macros- 
copic crystals of magnetite (Fe,0,) and of various 
ferrites (MeF,O,), in which Me is a divalent metal. 
The material is melted in a nitrogen atmosphere by 
high frequency heating in a crucible made of Al,O,, 
covered by a disc of rhodium or indium, and allowed 
to cool in an atmosphere containing oxygen, the 
oxygen pressure being kept equal to the equilibrium 
pressure. Single crystals several millimeters in size 
were obtained. By adding barium carbonate, crystals 
of hexagonal structure with high crystal anisotropy 
were obtained, e.g. crystals of BaFe,,0,, (¢ = 23.2 
A) and BaFe,,0,, (c = 32.8) A. 


2073: P. Braun: Crystal structure of BaFe,,0., 
(Nature 170, 708, 1952). 

Details are given of measurements of the crystal 

structure of hexagonal BaFe,,0,, (see No. 2072). 


2074: J. Volger: Anomalous specific heat of chro- 
mium oxide (Cr,O;) at the antiferromagnetic 


Curie temperature (Nature 170, 1027, 1952). 


The susceptibility 7 of Cr,0; was measured as a 
function of T between 80 and 550 °K. There is a 
discontinuity in the slope of the curve at about 
318 °K (45 °C). The molecular specific heat Cp has 
a sharp peak at 308 °K (35 °C), which is due to the 
disappearance of the antiferromagnetic ordering at 


this temperature. 


2075: A. L. Stuyts, G. W. Rathenau and E. W. 
Gorter: Preferred crystal orientation in ferro- 
magnetic crystals (J. appl. Phys. 23, 1218, 
1952). 

The compound BaFe,,0,, is the main ingredient 
for a sintered permanent magnet material. With 

_ erystals oriented at random one obtains (BH) max = 


a“ 
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(0.8-1.1) 10° gauss. oersted or (6.5-8.5)104 J/m*. By 
orienting the crystals in a magnetic field before 
sintering, values roughly 3 times as large are ob- 
tained (see these abstracts No. 2059). 


2076: P. B. Braun: A superstructure in spinels 
(Nature 170, 1123, 1952). 


It is found that the compound Lile,O, has approx- 
imately a spinel structure, but with slight devia- 
tions which cause a superstructure. Below 735 °C 
four lithium ions are distributed in an ordered way 
over 16 octahedral interstices (with long range 
order). Above 755 °C the long range order has com- 
pletely disappeared. By rapid quenching from 
950 °C the disordered phase is obtained at room 
temperature. LiAl,O, shows the same superstructure 
but the transformation region is at higher tempera- 
tures. It is pointed out that y Fe,O, containing 
water may approach the formula HFe,O, (by analo- 
gy with H Al,O,). In the a—>y transformation of 
Al,O, and Fe,0,, protons may play an important 
part. 


2077: H. de Lange: Experiments on flicker and 
some caculations on an electrical analogue 
of the foveal systems (Physica 18, 935-950, 
1953, No. 11). 


The reaction of the author’s right eye to a 2° 
foveal flicker field has been investigated and measure- 
ments of the critical flicker frequency for various 
illuminations and various brightness-time functions 
are tabulated. It is shown that in the graph of the 
ripple ratio (r = amplitude of first Fourier compo- 
nent/average brightness) of the stimulus against the 
critical frequency f., the average brightness being 
constant, the points observed with various time 
functions fit into one smooth curve which is mono- 
tonic at low intensities. At high intensities the curve 
shows a minimum, at which r is less than the limiting 
brightness discrimination ratio, observed for f = 0. 
If f. is plotted horizontally, the curves obtained 
suggest an explanation of the mechanism present 
in the light sensitive organ and the connected nerve 
centres, by analogy with an electric network con- 
taining a lowpass filter, a feed-back circuit and a 
non-linear element which transforms the physical 
stimulus into a number of impulses. 


R 200: A. Bril and H. A. Klasens: Intrinsic efficien- 
ces of phosphors under cathode-ray ex- 
citation (Philips Res. Rep. 7, 401-420, 1952, 
No. 6). 

Intrinsic efficiencies of thick phosphor layers and 
their voltage and temperature dependence were 
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measured with cathode-ray excitation in a demount- 
able tube. The light outputs of thin layers of phos- 
phors coated on glass were also determined. The 
light output on the glass side goes through a maxi- 
mum with increasing layer thickness. For sulphide 
phosphors e.g., the maximum output on the glass 
side was about 30 percent of that on the phosphor 
side for a thick layer. Further losses of light occur 
in practice due to fabrication difficulties and current 
saturation, so that only 25 percent of the energy of 
the electron beam is radiated from the sulphide 
screen of a cathode-ray tube. For an ideally reflec- 
ting metal coating, emission of almost 100 percent 
can be obtained theoretically. In practice (alumi- 
nium layer) the maximum gain is a factor 2 or at 
most 2.2, due to imperfect reflections. From the 
measurements the scattering and absorption coef- 
ficients were determined for sulphide and silicate 
screens, using the formulae of Hamaker. 


R 201: A. Bril and H. A. Klasens: New phosphors 
for flying-spot cathode-ray tubes (Philips 
Res. Rep. 7, 421-431, 1952, No. 6). 

The decay rates of a large number of phosphors 
under cathode-ray excitation have been determined. 
Cerium-activated phosphors are the best for flying- 
spot cathode-ray tubes used for black-and-white 
television. Of these phosphors 2Ca0.A1,0,.Si0,-Ce 
was selected as the best phosphor in combination 
with glasses not blackened by soft X-rays or cathode 
ray bombardment. Bismuth-activated phosphors are 
suitable as a red component in flying-spot cathode- 
ray tubes for colour television. A suitable phosphor 
for u-v flying-spot microscopy is ZrP,O,. 


R 202: R. Vermeulen: Dimensional analysis, units 
and rationalization (Philips Res. Rep. 7, 
432-441, 1952, No. 6). 


Undiscriminating manipulation of dimensional 
formulae can lead to contradictions, e.g. that 1 sec = 


3.10'° cm or that 1 oersted = 1000 A/m. These are 


eliminated by defining the multiplication of physical 


quantities, strangely enough never done before, and 
by preventing the mixing up of multiplications 
whose physical interpretations are essentially dif- 


_ ferent. The same measures solve difficulties con- 


nected with the introduction of the rationalized 


_Giorgi-system. 


R 203: F. de Jager: Deltamodulation, a method of 
P.C.M. transmission using the l-unit code 


(Philips Res. Rep. 7, 442-466, 1952, No. 6). 


It is known that in a communication system the 


influence of interferences in the transmission path 


A 
_ 
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can be reduced considerably by coding the infor- 
mation signal first and transmitting then a corres- 
ponding pulse pattern of 0 and 1 pulses. In well- 
known systems of pulse-code modulation the n-digit 
binary code is used. In deltamodulation, however, 
a “code’”’ comprising only 1 digit is used. Here the 
reproduced signal is obtained by applying the series 
of quantized pulses to a linear network. This system 
enables us to obtain a simplification of both coding 
and decoding devices. The conversion of the infor- 
mation signal into a quantized pulse pattern is 
achieved by using a negative-feedback circuit in 
which the voltage applied to the feedback network 
is quantized both in amplitude and in time. The 
network in the feedback loop should be related to the 
mean spectrum’ of the information signals. For 
speech an integrating network may be used as 
such. It is found, however, that the frequency 


characteristic of the feedback network for frequen- _ 


cies lying between the highest speech-frequency and 
the pulse frequency has its influence on the 
amount of quantizing noise in the reproduced signal. 
If a combination of single and double integration in 
this frequency region is used, the ratio between the 
r.m.s. values of signal and quantizing noise is 
proportional to the 5/2 power of the pulse frequency. 


R 204: A. van Weel: Measurement of group-delay 
time in networks (Philips Res. Rep. 7, 
467-473, 1952, No. 6). 


A well-known principle for measuring group- 
delay time is based on measuring the phase relations 
of a low-frequency modulation on a high-frequency 
carrier, before and after passing an unknown net- 
work. The article describes a very sensitive phase 
measuring device where the phase angle to be mea- 
sured is introduced in an oscillating circuit, thus 
influencing the frequency of oscillation. Under 
certain conditions the phase variations are propor- 
tional to the resulting frequency variations. Phase 
variations of 0.01 degree are measured without 
difficulty, permitting the measurement of group- 
delay time variations of 10~° sec, using a modulation 
frequency of 30 ke/s. 


R 205: Y. Haven and J. H. van Santen: On pre- 
exponential factors in formulae for ionic 
conductivity in solids (Philips Res. Rep. 7, 
474-477, 1952, No. 6). 


It is pointed out that, in formulae for equilibrium 
constants and rate constants, if the energy is 
linearly dependent on temperature, i.e. EK = E,—aT, 
the pre-exponential factor i.e. coefficient preceding 
exp (—E,/kT), does not contain the factor exp (a/k). 
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ETIOTU Se cleats Falko bush taco, 2 8,272 
Discharge tubes, see Gas-discharge 
tubes and Thyratrons.... . 

Disk springs ...... fou st 10, 61 


- Dislocations in metals 15, 246,286 


a Distortion in sound film due to 


in 


_ Electro-analogue .... 


bo 


To 


non-perpendicular slits . 6,110 


_ Domestic lighting: 


Fluorescent lamps. .... . 8,267 
_ Illumination intensity . . . . 8,242 
‘Dosimeter for X-rays ..... 10,338 
Drying lamp (infra-red) . . 9,249 
Dynamo for bicycle. ..... 6,215 
Became pocket torch. .... 8,225 
Elastic constants of metals. . . 6,372 


- Electro- acoustic demonstration 
studio . 10,196 


5 12, 2297,319 


Electrometers, vibrating condenser: 
. pH meter 
Direct reading— ... 


__ Electron, 50 years history. , . . 


7, 24 


9,225 


~ 
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Electron diffraction: 
Investigation with electron 
microscope. .... + pe Sauk Jute) 


Texture investigations by — . 


Electron emission, secondary, see 
Secondary emission 


Electron lenses, measurement of 


field in magnetic— . 15, 52 
Electron microscope: 
— with continuously variable 
magnification 9, 33 
4 9,179 
100" RV mee es een 12, 33 
400 kV — ey te 9,193 
Stabilization of accelerating 
voltage for— ... . 10,135 
_ pea Stone of so wy dis- 
eases SRR NCAT ae 14, 13 
Electron paths in a space-charge 
field SEA. c 336 
Electron tubes 
Review s2<.3cb. cles Seem Te 14,129 
X-radiography of— . . . . . 12,207 


See also: Radio valves 
Transmitting valves 
Output valves 
Gas discharge tubes 
Thyratrons 
Switching tubes 
Counters 
Velocity modulation tubes 
Magnetrons 
Cathode-ray tubes 
Television 


Electronic conductivity of non- 


metallic materials 9, 46 
Electronic switch (GM 4580) . 9,340 
Electrophoresis . ....... 12,293 
Emergency apparatus, change-over 

SWiCCHiND nouns micaac atest se ci sees 8,310 
Epicyclic gearing ....... 9,285 
Equalization of telephone cables 7,184 
Etching of copper. ...... 15,238 
Expansion, thermal, of ferromag- 

netic alloysige set ne aoe 10, 87 
“Eixpressor”’ system for the trans- 

mission of music. ...... . 11,281 
Extrusion products, composite . 13,145 
Eye: 

Colour perception, see Colour 
Night-blindness . . ..... 9,211 
Perception on the road at low 

illumination levels 9,149 
Photography of the— . . 15,342 
Visibility, q.v. 

See also Lighting 

Facsimile Transmission apparatus: 
General considerations . . . . 10,189 
(vanistiitter sere oo) eee 10,257 
Receiver excess see ca 10,265 
UTANnsmMIsslONshe sic) cunen ne 10,289 
Synchronization. . ..... 10,325 

Femur neck nailing, apparatus 

1 Ln ray? eee eee ee 8,237 
Fencing, electric ....... 13,328 
Ferrites: 

; : ; 13,192 
Dimensional effect in—. . . } 15, 79 
Ferroxcube, q.v. 

Crystal structure of—... . 9,186 

Large negative temp. coeffi- 

cient eR teste pa te ea!) 


7.178 Ferroxcube: 


VOL. 15, No. 12 


Gyromagnetic phenomena . 11,313 


Ferro-electricity, see Titanates 


Development and properties . 8,353 
Magnetic & electric properties . 13,181 
Measurement of properties . . 14,245 
Applications 
General review . 13,301 
Core for Cosmotron . . . 15, 73 
Carrier telephony . . . ; 1a 
Television pulse generator 10,133 
Transformer for aerials. . 
Deflecting circuits for tel- 
eyision |).3 4... leet sees 10,307 
See also Ferrites 
Ferroxdure: 
Development and properties . 13,194 
Application in focussing of 
television picture-tubes . . . 15,214 
Field strength in high-voltage é 
installations . Mane pki & 6,270 
Filament lamps: 


Car headlamps . 12,305 
Flickering . 6,295 
— for film projectors 8, 72 
— for film studios. ..... 7,161 
— for photography 6,259 
Govien connection of—. . 6,105 
Improvement of light output 
(krypton lamp) : 6,334 
See also: Lighting 
Film projector lamps ..... 8, 72 
Film studio lamps. ...... 7,161 
Filters, electric: 
— for carrier telephony . 7,104 
Influence of losses . 7,138 
Through-supergroup circuit— . 13,223 


9,169 
13,301 
6,169 


— with Ferroxcube cores. . ; 
Filters, magnetic, for oil. . . . 


Flash-bulbs, photographic: 
Improved types of Photoflux 


bulbs’. ries a3 Ao ee 12,185 
Specific light output of Photo- 
flux bulbs (PF 3) ..... 15,317 
Flash-tubes, electronic: 
—for stroboscopes ..... 8, 25 
— for Wilson cloud chambers . 10,178 


— for ophthalmic photography 


Flicker: 
— of electric lights .... 
— of television pictures. . . . 


Fluorescence: 
— of solids, theory ..... 
Influence of temperature . 
Halophosphors for lamps. 
Efficiency, in cathode-ray tubes 
Saturation, in TV picture-tubes 
Zine sulphide phosphors . . 
Afterglow 
Image converter 
Flying-spot scanner . . . . 
Line-converter 
Applications 
General review ...... 
Tubular fluorescent lamps 
High pressure mercury lamps 
Xyray, screens 207 ee Se es 
Painting with — paints. . . 


Fluorescent lamps: 
Tubular luminescent lamps. . 6, 65 
Starter switch for—. . . . . 10,141 — 
Control of light intensity. . . 12, 83 


Me 
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_Use in mines . . 10,334 
Use in homes. . . ait 8,267 
—in series with filament lamps 12,129 


Equivalent circuit . . 15,161 
See also Lighting 
Flying-spot scanner . 15,221,233 


Focusing of picture-tubes (Fer- 


roxdure). ae . 15,214 
Frequency analysis, poe ap- 
paratus . : 7, 50 
Frequency-drift meter . . 12,193 
Frequency modulation: 
Fundamentals of— ..... 8, 42 
Comparison with amplitude 
modulation 8, 89 


— detector tube (g- -detector, 
EQ 80) 


She ool ot 
U.h.f. radio telephony using _ 


Transmitter . 8,121 
Receiver . i 8,193 
Frequency prabikoadion (IGO) . 14,130 
Galvanometer . 5 HSS IAS 
Gas discharge lamps: 
Flicker in — we 6,295 
Rapid modulation’ oe A 
facsimile telegraphy) . . 10,265 
Equivalent circuit oe . 15,161 


Mercury vapour/filament lamp 7, 34 
See also Fluorescent lamps 


Gas discharge tubes: 
Cold-cathode tubes oe 500 = T, 


Z.501 T). . 15,265 
, 8,346 
Mercury cathode ..... ? 9.105 
Stabilizer tube (85 Al) . 8,272 
See also Thyratrons 
- Gases, absorbtion in metals: 
—, theory 6,365 
—, experiments . hg te 
Gases, detection of poisonous 8,341 
_ Gearing, epicyclic . 9,285 
Geiger-Miiller counters: 
— for electrons . 6, 75 
— with halogen filling . “eb 282 


— for X-rays . : 5 1 I 
— battery operated, as maomteon 14.369 


Applications 
Use in tracer techniques . 8,334 
Spectrochemical analysis . . 11,215 
See also Counters 
Giorgi system . 10,55,79 
Glass: 
Dielectric losses . . 13,361 
Sintered glass . fete te Ose 
Stress investigation in— . } aoe 
Structure of — } ats 


“Tron” glass, for sealing to steel 14,281 


Glass-metal seals: 


Expansion coeffts. of alloys 

for— .. eh O87 

Sintered glass ae : 8, 2 

Radio valves . 6,317 

Steel picture-tube . . 14,281 
Gramophones, for long-playing 
records ar fe cg Meee ee bane 
Grazing using electric fencing . . 13,328 


Greenhouse with artificial light . 12, 1 


ie 
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Group-delay measurement in net- 
works . 


Gyrator Sgenson oe hae 
Gyromagnetic phenomena in fer- 
rites 


Hardening of metals: 
Isothermal hardening of steel 
Various methods (e.g. oxidic —) 
Investigation of cooling cur- 
ves of hardening oils . 


Hearing aid, electronic. 


High-frequency eeua 
Inductive —. 
Capacitative — 


High tension: 
Electric fields in — equipment 
— generators, see Cascade gener- 
ators and Television 
Rectifier valves for — 


Hot-air engine: 
Theory of — 
Fundamentals of = 
Construction of a— . : 
Measurement of temperature 
fluctuations ina— . 


1GO-frequency stabilization . 
Illumination, see Lighting 

Image converter for ultra-rapid 
photography (ME 1201). 


Image iconoscope . 


~s— + 


Image intensifier, X-ray . 
Impact strength of iron and steel 


Impedance measurement: 


. 15,307 
. 11,321 


o dM Hees! 


6,279 
14,203 


9,147 


old.a37 


. 11,165 
11232 


6,270 


8,199 


8,129 
9, 87 
9,125 


. 13,104 


. 14,130 


14,213 
13,119 
14,327 


. 14, 33 


11,303 


— with Lecher system . 8, 16 
— non-tuned Lecher system 8,278 
Indentation-meter for paints . . 13,352 
Indicator for internal combustion 
engines (GM 3154, 4300, 4301). 6, 22 
“Infraphil” . oan eS ais 8,177 
Infra-red rays: 
Drying with — 9,249 
Medical applications 
Irradiation apparatus 6,202 
“Infraphil” lamp. . : 8,177 
Instability in triode oscillators . 7,171 
Intensification of X-ray images . 14, 33 
Investment casting . 15,133 
Influenza vaccine, manufacture . 12,273 
Ton accelerators, see Accelerators 
for elementary particles 
Ion burn: 
— in image iconoscope. . . . 14,327 
enn pate me tubes $ 14,364 
— in television picture tu ) 15,258 
Ton trap magnet . 15,258 
Ionosphere: 
Radio investigation of — . 8111 
Ionispheric sounder . . 13,145 
Iron content of copper wire 8,315 
Iron for cyclotron magnet . . 10,246 
Isothermal hardening of steel . 6,279 
Isotopes: ; 
Use as tracers . $8,296 
Tracer techniques . 8,330 
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Jubilee review of research at 
Philips, 1891-1951 


Klystrons, see Velocity modula- 
tion tubes 
Krypton, in incandescent lamps 


6,334 


Laboratory, 


pear of sie 
Research — Bel 


Sis 
8,147 


Lacquers, Fie fies : 


Lamps: 
See: Filament lamps 
Flash-bulbs 
Flash-tubes 
Fluorescent lamps 
Gas discharge lamps 
Mercury-vapour lamps 
Lighting 
Lattice defects in crystals: 
General review . 245 Los0s 
— and plastic figaeeiarn 15, 246,286 


L-cathode: 
Fundamentals and construction 11,341 


— under pulsed operation . . 13,337 
Applications: 
Image iconoscope . . 13,119 
Magnetrons . . 14, 56 
Lead estimation in air . . 11,215 
Leak-tracing with Philips vacuum 
gauge (Penning gauge) . » . 11,116 
Lecher systems . : 6,240 
Light distribution of projectors . 9,114 
Light intensity, unit of . . 10,150 
Light sources, see Lamps 
Lighting: 
Airfield —. 6, 33 
Blackout — . % 9,161 
Blended-light lamps : 7, 34 
Coal mine— . . 10,334 
Comfortable Rena, . 14, 69 
Distribution and flux of pro- 
jectors : 9,114 
Domestic lighting : Sito 8,267 
Efficiencies of installations . . 7, 97 
Film studio —. . 6,161 
Fittings, brightness of. . 12,200 
Intensity, unit of light . 10,150 
Linear light sources 
Calculation of installations . 6,147 
Light distribution on a plane 12, 60 
Measurement of light distri- 
bution of lamps . . . 14,200 
Office and home lighting. 8,242 
Road —, physiological consi- 
derations 9,149 


Theatre lighting, Wireckt | cee Of oes 
Tunnel — . . 10,299 
Luminescence, see Fldacesecee 
and Fluorescent lamps 


Linear electron-accelerators: 


Fundamentals of — . . . 14, 1 
15 MeV — for Harwell . ee wl 
Neutron spectrometer, use 
with — . a Gh Go oo USES 
Linear light sources, see Fluores- 
cent lamps and Lighting 
Line spectra, light sources for . 11,299 
Loading coils with Ferroxcube 
cores : . : . 13,301 
Losses: 
Dielectric — in glass . . 13,360 
—in networks 7,138 
8,353 


Magnetic— . 
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Power factor measurements at 


3000 Me/s . . 13, 61 
Variation with temperature 
coefficient of dielectric con- 

Stanit as cae eet eetae aes ahs 9, 91 

1 

—in Ferroxcube } af hive 

After-effect=. 5 2... 3 + « 8, 57 

Lost-wax casting .....+-- 15,133 


Luminous intensity, unit. . 


Magnadur, see Ferroxdure 


Magnet steels. . 1... +--+ se 6, 8 
“Magnetic diode” ..... - . 8,361 
Magnetic fields, measurement of . 15, 49 


Magnetic materials: 
Permanent —: 


MIE ECGESS 5 G 4 a 0 & 6, 8 

Non metallic — (Ferroxdure) 13,194 
Soft — : 

= for cyclotron: ..... 10,246 


Non-metallic —, see Ferrites 

and Ferroxcube 
Magnetostriction, effect on ther- 
mal expansion 


10, 87 


Magnetrons: 
Theory and construction . . 14, 44 
— for beacons (A= 3cm). . . 14, 87 
— for D.C. amplification . 8,361 


(“magnetic diode“) 


Magnets, permanent: 


DD VAAN O iin Foes ee Jo tees 8,225 
BOCUSssIn gt =e 5611s t 6 ve kets 15,214 
WOUetraD — ious sive, ws Pee cone 15,258 
Manometer, Philips —, new design 11,116 
Mechanical stresses: 
é § 9,277 
mes IH” PIASS ie eh ets sesh’ ? 14.290 
Investigation with © strain ; 6, 94 
CARTE: |S ioe SRC. SeeCnD 11, 23 
Mechanical vibration: 
— of contact springs. .... 7,155 
Investigation of — with strain 
Pan COS Ita teen ets ered aus Il, 23 
Vibration-free mountings. . 9, 16,85 
Medical treatment, see Therapy 
and X-rays 
Melting point, connection with 
thermal expansion ...... 10, 87 
Mercury-cathode rectifier valves ; $,340 
Y 9,105 


Mercury estimation in air. . . . 11, 91 


Mercury-vapour lamps: 
Low pressure fluorescent —, 
see Fluorescent lamps 


— for photographic printing . 6,250 
—/filament lamp combination - 7, 3 
See also Gas discharge lamps 

Metals: 
Measurement of elastic con- 

ALAULA teal ic es Seen e 6,372 
Etching of copper. ..... 15,238 
Hardening of —, q.v. 

Effect of impurities in iron and 
steel: 
Internal friction. . ... . 13,172 
Impact strength. ..... 11,303 
Ageing phenomena .. . . 13,165 
Strain ageing se. «sf 14, 60 
Oxidation of heat resistant 
AUGYS =o, Sok ssl e Gies = a RAP aIg} 
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Plastic deformation and lattice 
defects . . 15,246,286 
Preparation of very pure metals 11,241 
Melting and casting in vacuo . 15,114 
Metal detectors 15, 97 
Metal leads through glass, see 
Glass-metal seals 
Microphones, see Condenser mi- 
crophones 


+ is) 6 oy ve. Gee ie ane 


Millivoltmeter, electronic, see 
Voltmeter, electronic 

Mines, lighting of . . 10,334 
Mirror galvanometer . 7,114,128 


Mixer circuit, self-oscillatory, with 


triodes . 8,194 
Mixer, diode as a—. 6,285 
M.K.S. system, see Unity: 

Mobile transmitters, valves for . 12,157 
Models, radio control of . . 15,281 
Modulation: 
Delta ie) sissies abicacss rome 13,237 
Frequency —, q.v. 
Pulse —, multiplex — ote LESS 
See also Telephony 
Modulators for carrier telephony . 7, 83 
Moisture content, determination. 9, 13 
Molybdenum, texture of . 7,120 
Monochromatic light sources . . 11,299 
Moving coil meters, iron-free 

copper wire for ..... 8,315 
Multiplex pulse modulation . 11,133 
Multi-reflection klystron . . . . 8,257 
Music: 

Long-playing records . 13,134 
“Duplication” of concerts . 10,169 
Transmission by “Expressor” 
SVELKeld acta. Speipe de Gr ce cm ce c 11,281 
Stereophonic music in cinemas 11,129 
Calibration of tuning forks . . 12,228 
Negative feedback: 
— for constant amplification . 9, 25 
— in electrometer amplifier . . 10,338 
— in telephone cable repeaters . 14,147 
Networks: 
Filters, q.v. 
Influence of losses. . .... 7,138 
Measurement of group delay 
dM) om v's" Peowe comceee tcc Ghee ae ae 15,307 
Unit function response. . . . 12,233 
Neutron spectrometer, time-of- 
Hi pa cyte eel ees fo 15,325 


Nickel-iron strip, texture. . . . 
Night-blindness, testing for. . . 9,211 


Noise: 
Reduction of — in sound film . 8, 97 
Microphone circuit with low 
wmilevel il Woot ee eho) ae 9,357 
Origins of — ...... 6,129 
At very high frequencies: 
— in radio receivers . 6,178 
= In diodes, seu. ee ot eae 14,153 
— in triodes ....... 14,236 
— in X-ray image intensifier 14, 33 
Nuclear reactions, see Accelerators 


for elementary particles 


Nuclear resonance method for 
measuring magnetic fields. . . 15, 55 
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Offices, illumination intensity . 

Oil filters, magnetic . 6,169 
Optical aberrations 9,301 
“Oralix” . 10,221 
Oscillators: 


— with constant output voltage 14,304 
Pulse-synchronised — (IGO) . 14,130 
Quartz oscillator crystals, q.v. 


Travelling-wave — . . 11,2215 
LC-oscillators 
Operation 7, 40 
Stability +2... hake ae 7,171 


Mechanism of synchronisation 14,292 


Measuring oscillators 


0.1-30 Mc/s — (GM 2882) . 6,154 
Television signal war 
(GM 2887) . . 15,205 
RC —, 20- 250000 “els ‘(GM 
2317) “gs 75h ee ee 15,240 
Frequency drift of — 12,193 
Oscillograph, see Cathode ray 
oscillograph 
Output valves: 
— for low voltages (DL 41) . 10,346 
See also Radio valves 
Oxidation, acceleration in pre- 
sence of foreign oxides (e.g. 
MoQ;) =o iea St eee Ppeynees FA |=: 
Oxide Cathode: 
Theory of conduction in—. . 11,271 
Pulsed operation of — . ; AS.330 
Oxidic hardening of metals. . . 14,203 
Painting with fluorescent paints . 11, 16 
Paints and Lacquers: 
Adhesive force meter 8,147 
Identation meter ...... 13,352 
Testing for colour variation. . 6,186 
Peak voltage meter . . < . « 2 145 20 
Pentodes, see Radio valves and 
Transmitting valves 
Permanent magnets, see Magnets, 
and Magnetic materials 
Permeability of metals to gases, 
see Gases, permeability of metals 
Phase difference, measurement up 
to. 100:Me/s (i... <x, + aera 14,102 
Philips-Miller sound recording 
system: 
Photographic reproduction of 
sound track . ... . - « 9,65,289 
Stereophonic recording. . . . 6, 80 
“Philishave” dry-shaver . . 12,227 
pH measurement (GM 4491) . . 7, 24 
Phosphorescence, see Fluorescence 
Phosphors, see Fluorescence 
Photo-electric cells: 
Barrier. layer™= ) 0.0. ceee a) ate 8, 65 
— with secondary emission, see 
Photo-multipliers 
“Photoflux” lamp, see Flashbulbs 
Photographic reproduction: 
— of sound flm. ...... 9, 65 
Metal-diazonium system of — . 9,289 
Mercury lamps for — ; 6,205 
Soe hy IE S12 
Photography: 
Darkroom lighting. . . . . . 11, 53 
Flash-tubes, q.v. 
Film. studio Jampa. .°3... 4 sewn 


Flash-bulbs, q.v. 


8,242 — 


oe 
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Incandescent lamps for — 6,259 Control of cutti i 
> ng angles by Reverberation, see Acoustics of 
peti of light: ponrces - . 2,145 X-ray diffraction - 11,351] buildings 
ra rapid — (10~-’ sec) with Lapping and eetocae a Road lett 9.149 
image converter : . 14,213 justment 5 og LPRIONG ae ce , 3. 33 

Photometry: Quenching oils, coating curves . 9,147 potatnrs Xoray tubes. 13. 71 
Unit of luminous intensity Roughness meter 14, 
eae - 10,150 Rubber membrane analogue: 

pil Lg he Radar station at Ijmuide 14,95| _ HSAs Sak ie ADS 

Photo-multipliers, applications of: , ae ars — for electron paths in space- 
Facsimile transmitter _ 10,263 | Radiation monitoring: charge fields. - 14,336 
Flying-spot scanner . i 15,221 Battery-operated ‘Geiger 
X-ray fluorography DY ES ade ee pitt) he 

ee : -ray osimeter . 10,338 | Pamphing: ; 

Ba patting ae copying, } 6,250 — with Geiger-Miiller counters Lot inspection by— : . 11,176 

5 y oe Ole. metas (lds 23 q.v. Sampling inspection plans . . 11,260 
notosynthesis oa its See also Counters Practical application, methods 11,362 

Pick-up tubes for television ; 1 4327 Radio-controlled models . . 15,281 | Schmidt optical system: 

Piezo-electricity : Radio interference, sensitivity of Principle of 9,301 
Materials exhibiting — . 144s aerials to she 6,302 Correction plate, manufacture 9,349 
ek eetion of — io "11.151 | Radio-isotopes, see Isotopes ann: Oe: spherical mirrors . 10,286 

Plastic deformation of BAe 15, 246,286 | Radio propagation: Peseta television a») 10, 69 

Planetary lapping (grinding) of Investigation of ionosphere ; 8,111 (15, 27 

quartz oscillator crystals . . 12,166 1S eet coe » . ¢ 13,152 X-ray fluorography - 18,269 

Plant diseases, investigation with — through the troposhere 15,148,175 | Secondary emission: 

electron microscope . . 14, 13] Radio receivers: Undesirable — in output val- 
Re: Aerials, q.v. ves (DL 41) ‘ . 10,346 
east . : Bandspread — . ; 6,265| —in television camera tubes .. 13,119 
— in the radio and electrical Clandestine — during wartime . 8,337 Application in Rakin : 
Bet - 11, 33] Diversity reception 9, 55 tubes . amet & . 13,49,82 
sees chloride for wire “3 See also Frequency modulation Selenium phot rake 8, 65 
_. ede 2 ae Oscillators Selenium rectifiers(barrier-layer—) 9,267 
Poisonous gases, detection of . 8,341 Noise i 
Polarograph, direct-reaching . 14,257 Telephony, u.h.f. links Semiconductors: ae 
Electronic conductivity of non- 
Polyvinyl chloride Cage ate) for Radio valves: Peeralligumiatenale , 9, 46 
wire coverings . . 12, 97] Diode as a frequency changer 6,285] — with large neg. temp. eoeke 9,239 
Potatoes, storing in antiicilly Glass or metal envelopes? . 6,317] Controlled valency — 5s so ts} C0 
lighted cellars . 10,318 Spire bactadey goo 12.283 Shaving, investigation of electrical 12, 25 
ier Net in vith ee oo ohnall = “Rimloc ek ie : 8.289 Short circuit, safeguarding of 
a . ENA a ha a 8.346 Secondary emission in “output permanent aes hist 
Lae oe , valves (DL 1) . 10,346] against — 8,229 

Potentiometer, automatic (PR : Short-waves, see Uliea-high ries 
1000, PR 2000) . 15,189 Special valves encies i, Nee cae | ey 

Fe ene cleat diaoh ie x Output valves for battery the ¥ : 
otter-Bucky diaphragm for X- ns operation (DL 41) . . 10,346 Short-wave therapy generator 7,147 

arth j ; E Magnetron for D.C. ampli- Signal generators: 

Power Cables: fication . 8,361] Telephony — (10 ke/s) . . 8,251 
Testing equipment for — . 7, 59 Diode voltmeter for 3000 Me/s Television — (GM 2887). . . . 15,205 
Localization of faults in —. . 7,113 Aes 50). . a ioe RC—, 20 c/s - 25 ke/s ‘Sc “cn 15,240 

requency ¢ anger RORLE: ° Receiver —, 0.1-30 Me/s 

Ses cae see Output valves Frequency modulation detec- 2882) . : 6,154 
oe es og bid tor (y-detector, EQ 80). . 11, 1]... 

Seractix” 6,225 Triodes for decimetre waves Signalling: nh 2.168 

Precision casting Loos (EC 80 and EC 81) 5 all We Rah Pe 1 aan As oo > 

Pressure indicating equipment Subminiature valves 15,46,170,283 ape "| 15,265 
(GM 3154) ....... ». 6, 22| RC-oscillator, 20 c/s - 250 a a Ms ae 

Projection television, see Tele- (GM 2317) 15,240 | Sintered glass: ie et 

aod Receiving sets, see Radio receivers Properties and applications . 8, 2 
ah c Application in Snes 

Projector lamps, film 8, 72] Receiving valves, see Radio valves ig at 10,273 

Projectors, light distribution of . 9,114 Rectifiers: Soap film models of Berreeal net- 

Proton resonance, measurement of De-ionization time of aes works . 7,138 

magnetic fields with . a15).55 trons . . ei oe 12,178 ee ad? 
ier- e High voltage valves for “ay <3 A 

cae aaa are wave SP ee fa lees . 8,199] Audiometer; auditory percep- me 

PY : ‘ Mercury cathode calves. with § 8,346 tion c ? 

Pulse pee dalation, Palepie . 11,133 ? 9.105} EHlectro- acoustic demonstration 

capacitative igniter. . . . > di - 10.196 

Pulse transformer for control of Selenium —, small . y 9,267 studio ‘ ; eet 

fluorescent lamps . 12, 90] Stabilization, voltage, a Gremaphoney, long playing. "45° 37 

- et aL OO B 

Pyrometer, optical, for a Voltage peaks ‘a 4 3 9 ResGidile troqudneWandlycern ATO 

of metals PN 3 Pe 6, 30| — for small telephone ex ‘ ane 

changes 6. 39] See also: Acoustics of buildings 

: ‘ Amplifiers 
Thyratrons, q.v. F 
Quartz: See also Cascade generators sab microphones 
Piezo-electric property . . 11,145 | Research Laboratory, history. . 13, 3 Philips-Miller system 
‘ Resins, see Plastics Stereophonic sound 
a oscillator crystals ecw hf, 6,217 Tape recorders 
Cutting of — . 11,323] Resonant, circuits, u.h.f. . Pp 
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Sound film: 
Photographic reproduction of — 
Photographic reproduction by 
metal-diazonium process 
Noise reduction during repro- 
duction . . 
Philips-Miller system, q. Vv. 
Distortion due to non-perpen- 
dicular slit 
Spectrochemical analysis: 
Photographic methods of — . 
— with Geiger-Miiller counter 


CP eee a ae ome 


. 12,337 


(lead estimation) . 11,215 
SHG 5 ole geo oO ome c 9,185,239 
Springs: 
Disk—. . 10, 61 
Helical — . 5 Rate 9, 8 
Instability of — . 11,245 
Stability of triode-oscillator . Ceiba! 
Stabilization, voltage: 
Battery preservation rectifier . 9,231 
Battery-preservation — rectifier 
with electronic voltage sta- 
Ulizations.s waits Ns leks! sole 11,253 
Rectifier for telephone  ex- 
CHAWSER ale Meier caer iain trate 6, 39 
Stabilizer tube ....... 8,272 
300 V stabilized rectifier . 6, 54 
5 kV stabilized rectifier. . . . 14,190 
150 kV stabilized rectifier . . 10,135 
Starter switch for fluorescent 
TELCOS iad We eta. Gees te Dee 10,141 
Steel: 
Maret aes wey ke nodes aan kr's 6, 8 
abt OLeCYCIOLLON fst ce. aoe Lene 10,246 
See also Metals and Harden- 
ing of metals 
Step-function response of am- 
DTTC 60S SEND mee to stl E <i 6,193 
Step-function response of net- 
ORES NOMEN CM evi ite sake ..1sie wor cd 12,233 
Stereophonic sound: 
Stereophonic images. ... . 8, 51 
Condenser microphone for — . 9,330 
Perception of “depth” . 6,359 
— recording on Philips- Miller 
BrLreene spat. << here: Wenge tai Ewe 6, 80 
Apparent elevation ..... 9, 8 
Applications: 
Reproduction of concerts . . 10,169 
Cinema interval music. . . 11,129 
Strain gauges, measurements 4 6, 94 
Tad ty hee oe paar ctceer ware ae ¢ 11, 23 
Street lighting, see Lighting! 
Stress investigations, see Mecha- 
nical Stresses 
Stroboscope (GM 5500) 8, 25 
Structure investigations, X-ray, 
see X-rays, diffraction 
Studio installations: 
: New principles of construction 
(Oe, eee head ae aia, 6,139 
. Peak voltage meter for—. . . 7, 20 
J Electro-acoustic demonstration 
y. BLUICIOW Bossi wwe ates . 10,196 
’) 
Switching tubes: 
} Cold-cathode gas-filled — 
re (ZeD00TstZ00LL iat susicn 5% 15,285 
e Secondary emission —: 
be Contact (make-break) . . . 13, 49 
it Multi-pole switches . . 13, 82 
4 Switch-over, automatic, for emer- 
_ gency apparatus ....... 8,310 
sf ‘Synchrocyclotron, see Cyclotron 
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Synchronization: 
Facsimile equipment. .. . 
Pulse — (IGO) 
LC-oscillators . 


Television receivers ... . 


Tape recorders: 
Description of apparatus . 
Recording and _ reproducing 
process 
Telegraphy, carrier 


6 ivan Oita 6, ee 


. 10,325 


14,130 
14,292 
10,364 
13,312 
15,205 


. 14,181 
. 15, 84 
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Telephony: 
Carrier-wave telegraphy 8,206 
Carrier-waye telephony: 
Generally usu one beats 6,324 
Carrier supply (17 channel 
SEW co Oye Gk EE 8,137 
Equalization of cables (17 
channel system) .... . 7,184 
Filters (17 channel system) 7,104 
Modulators ......4+5.. iy Oo 
Maintenance testing . 8,249 
Selenium rectifiers. . .. . 9,267 
Signalling in— ...... 8,168 
48-channel system: 
Modulation system . eo LOL 
Construction . 10,353 
— over-co-axial cables: 
General problems, . . 14,141 
Through-supergroup filters 13,223 
Delta-modulation . ..... 13,237 
Electronic telephone exchange 15,265 
Emergency apparatus, auto- 
matic change-over ..... 8,310 
Emergency supply systems ; 9,231 
*? 11,253 
Ferroxcube cored: coils. . . 13,303 
Rectifiers for small exchanges . 6, 39 
Wiring for telephone exchanges 6, 85 
U.h.f. radio links: 
Eindhoven-Tilburg, with 4 8,121 
frequency modulation. . .? 8,193 
Installation for tropics. . 6,120 
Mobile installations . 12,157 
Multiplex pulse modulation 11,133 
Television: 
Camera tubes (image icon- 4 13,119 
OSCOpe) Fett a ete we 0 14,327 
Flicker in — pictures . As cgeel Sosy 
Flywheel synchronization . . 13,312 
Flying-spot scanner: 
Design and construction . . 15,221 
Cathode-ray tube . . 15,233 
Group-delay measurement . . 15,307 
Line-converter ....... 15,297 
Picture-tubes 
Efficiency of fluorescence . . 15, 63 
Focusing with Ferroxdure 
MACHETE Tesi esl | sae 15,214 
Bent-neck—= ....... 14,361 
Ion-trap magnet ..... 15,258 
« ASee MW 6-2. . 10, 97 
Projection —} Mw3-16 | | 15, 28 
— for flying spot scanner . . 15,233 
Steel tins Poke ornare 14,281 
Saturationoffluorescence . . 12,120 
Projection receiver (domestic) 
Optical system . 10, 69 
Cathode ray tube ..... 10, 97 
High tension unit . . 10,125 
Deflection circuits . . 10,307 
Synchronization. . .... 10,364 
Examination of mirror 
surfaces . . 10,286 
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Projection receiver (large perce 


General description . 5,/ 27 


High-tension generators . . 14, 21 
Transmitters 
QW. =a ea eee 7,129 
100 kW output stage. . . . 14,345 
Testing of TV receivers . - 15,205 © 
West-European — network . . 14,358 
Temperature measurement: 
Pyrometer . Osman 
Rapidly fluctuating . 13,104 
Automatic potentiometer. . . 15,189 
Texture of metals: 
Aluminium mirrors : 7,178 
Cross-rolled molybdenum . 7,178 
General discussion . 7, 13 
Nickel-iron strip 7, 45 
Theatre, Utrecht: 
Acousti¢s . co 
Lighting “3... ee Lor 
Therapy: 
Infra-red —. . . 6, 2 
Infra-red — with Infraphil Pee) 
Short wave—. . Ah! 
X-TAYi— 5. 0.Vs te ai tenon 
Thyratrons: 
— for control of light flux 
from fluorescent lamps. . . 12, 83 
De-ionization time of — . 12,178 
PL.V 105. 2c. sees 13,331 
Titanates: 
Piezo-electric materials. . 11,145 
Ferro-electricity . . .... . 11,183 
Titanium dioxide as dielectric . . 10,231 
Tone generator for carrier tele- 
Phonyis iy oe eee 8,251 
Tracers, see Isotopes 
Transient response of amplifiers . 6,193 
Transistors, apparatus for testing 13,254 
Transmitting valves: 
Air-cooling of —. . 9171 
Discharge effect in — ~ (Rocky 

Point effect) . “ 6,208 
Thoriated tungsten cathode - 

(TBL 12/100, TBW 12/100) . 14,226 
Turbulent water-cooling . . . 10,239 
U.h.f. — 

100 Me/s — (TB 2.5/300 and 
QB 2. 5/250)... 2. . 10,273 
Mobile equipment — (QQE 
06/40, QQC 04/15) . . . . 12,157 
Technical problems of — . . 6,253 
Velocity modulation valves, 
q.v. 
Magnetrons, q.v. 
Transmutations, see Accelerators 
for elementary particles 
Travelling-wave oscillator 11,221 
Triode oscillator, see Oscillators 
Triodes, see Radio valves and 
Transmitting valves 
Troposphere, radio propagation ; 15,148 
through... 9s 2 eee 15,175 
Tuberculosis detection, see X-rays, 
fluorography 
Tubes, see Electron tubes 
Tulips: 
Broken — (virus-diseased) . . 14, 13 
Boras. of — > sae ee 10,282 
Tuning forks, calibration of —. . 12,228 
Tunnels, illumination . 10,299 
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Ultra-high frequencies: 


Resonant circuits 6,217 
Lecher systems . : 6,240 

eae : 4 8,149 
Cavity resonators . -) 9, 73 
Waveguides (also q.v.). 10,13,46 
Noise at u.h.f., q.v. 
Telephony, u.h.f. links, q.v. 
Impedance measurement, q.v. 
Valves for u.h.f. 

Diode as mixer for decimetric 

waves . 6,285 


Diode voltmeter for 1000 M/s 7,124 
Klystrons, see Velocity mo- 
dulation valves 
Receiver valves 
EC 181) . 
Transmitting valves, qv. 
Magnetrons, q.v. 


(EC 80 & 
. 11, 79 


Ultra-violet irradiation for steriliz- 


ation of bacteria 5 1a i 
Units: 
Giorgi system 
Origin of — . : . 10, 55 
— in electrical engineering . 10, 55 
New international candle 
Vacuum gauge, Philips . 11,116 
: § 11,241 
Vacuum melting apparatus . . 115 114 
Valency, controlled — . 13, 90 


Valve voltmeter, see Voltmeter, 


electronic 
Valves: 
Review. .. 7 . 14,129 
X- -radiography of . . 12,207 


See also: Radio valves 
Transmitting valves 
Output valves 
Velocity modulation tubes 
Magnetrons 
Gas discharge tubes 
Thyratrons 
Switching tubes 


Velocity-modulation~ tubes: 


Principle and theory . 8,214 
Multi-reflection klystron . 8,257 
Pe eee tube (helix 

resonator) . é . 11,221 
100-1000 watt iKiystrons : . 13,209 


Vibrating reed electrometer, see 
Electrometers, vibrating condenser 


Vibration, see Mechanical vibrations 


Vibrator 


6,342 
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Viruses: “Podur” insulation of — . 5 1 P4, Oy 
Investigation of — by electron Wiring for telephone exchanges. 6, 85 
microscope. F 14, 13 
Manufacture of influengall vac- 
cine . . 12,273 | X-rays 
Visibility : Collimator for — beams . . 13, 96 
— when contours are blurred. . 11,333 Diagnostics: 
— in tunnel lighting . - . 10,299 Fluoroscopy with enlarged 
— on roads, at low illumi- image . : 8,321 
nation . 9,150 Testing with phantoms é . 11,291 
See also Eye H.T. rectifier valves . . 8,199 
Vitamin D preparation 6,154 Portable CE (“Cen- 
Voltage ratios, measurement of tralix”, “Practix”) . bel 6,225 
complex —, up to 100 Me/s . . 14,102 Lung exmination, see be ete 
Valcar nit see Stabili Fluorography a 
eos ag cate DCN aly ene. Sepa (“Oralix”’) 10,221 
pparatus wi exposure 
Voltmeter, electronic: control (Medio D). 6, 12 
—, 1 ke/s-30 Me/s (GM 6006) . 11,206 Apparatus with exposure 
Calbravion of 1, & 14,308 control (DX 4). . 10, 37 
Pre-amplifier for — (GM 4574) 15,169] Diffraction 
Geiger counter spectrometer 10, 1 
Debye-Scherrer camera . 10,157 
Watches, timing with oscillograph 9,317 Orientation of quartz os- 
Waveguides: cillator crystals . 11,351 
Electromagnetic waves in — 10,13,46 satan Y Texture of metals . 10,338 
— in linear accelerators. . . } a Directing instrament for treat- oe 
Rubber sheet model of —. . . 11,156| 7 uO™ O) cour ane 
Measurement of standing wave 8 : 
ratio in—... . 12, 15] Fluorography 
Weldi — with lens-cameras . 3 ey 
elding: ne senor " 13,969 
Coating of — rods. . 10,114 with Cie gee 5 10.105 
Protection against dangerous Lung examination . OU 
voltages . 15,199 
- Fluorescent screens: 
SEES Ss Blurring of image . 9,321 
Fundamentals; electrodes Teen cies ewe OY: 
EYDEE = age Sas A 8,161 Scattered radiation, elimina- 
Penetration and _ welding : 8.183 
d 8.304 tion Ofelia. aan) on eee ; 
speed . : as 
Letiereite = . 13,247] Therapy 
Droplet size measurement . 15,122 Contact a apparatus . 5 thy. © 
Mechanical properties (elec- . “Compactix” (200 kV). . 11,193 
trodem@ebie5 5) mas sent. 6, 97 Midget (KT) apparatus for — 14,165 
Porosity of welds due to sul- ‘ 400 kV installation for — . 8,105, 
1 O1U ele Wace ge See eel Ie Te 91 
ee, general causes . . 11,101 Tubes 5° 8229 
Low hydrogen welding rods. . 14, 96 Contact therapy tubes . . ? 13, 75 
Oxygen and nitrogen, réle of 10, 26 Endotherapy tube . 13, 77 
Wilson cloud Se a flash-tube Fine-focus tube . i 8.326 
for - + + 10,178 Midget (KT) tube . . 14,165 
Wire Oil-immersed hard glass tubes 6,309 
ire: 5 “ 
— for telephone exchanges . 6, 85 mance anode — (“Ro- rate 
J tigati into surface LAliKG) Ve eee same Ties 
eka ae: . 1, 12 “Rotalix” 055 for A.C. . 13, 75 
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